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COMMUNICATION NETWORK, AND MASTER DEVICE, 
SLAVE DEVICE, MULTIPLEXER AND SWITCH CONSTITUTING 
THE COMMUNICATION NETWORK 

5 FIELD OF THE INVENTION 

The present invention relates to a communication network 
in which one master device and a plurality of slave devices are 
connected through at least one unit of multiplexer in a tree form 
with the master device provided at the vertex. This invention 
10 more specifically relates to a communication network in which 
precision in sampling time between the master device and slave 
device can be improved. 

BACKGROUND OF THE INVENTION 

15 A conventional type of communication network is described 

here. Fig. 16 is a view showing a conventional type of 
communication network disclosed, for instance, in Japanese 
Patent Publication No. HE I 5-42209. In this figure reference 
numeral 1 indicates a master device, and reference numeral 2 

20 indicates a slave device. The master device 1 and slave device 
2 are connected to each other with an interactive transfer path. 
Assuming that a sampling cycle is T, information sampled at 
sampling time T is transmitted to each other according to the 
sampling time. 

25 In order to match the sampling time in the master device 

1 



1 to that in the slave device 2, information for matching the 
sampling time is periodically inserted into the sampling 
information for transmission. A mismatch in the sampling time 
may be generated during booting of the devices , or when there 
is a breakdown, or due to a difference in the operation clock 
frequency in the master device and in the slave device. 

A procedure for matching the sampling time in the master 
device 1 to that in the slave device 2 is explained here. Fig. 
17 is a view showing an example of a timing chart showing a flow 
of information between the master device 1 and slave device 2 
in a communication network based on the conventional technology. 

In Fig. 17, reference numeral 3 indicates descending 
sampling information transmitted from the master device 1 to the 
slave device 2, and reference numeral 4 indicates ascending 
sampling information transmitted from the slave device 2 to the 
master device 1. The example shown in this figure is based on 
the following four assumptions . The first assumption is that 
sampling information transmitted from the master device 1 or the 
slave device 2 at each local sampling time only contains the 
information for matching the sampling time. 

The second assumption is that the master device 1 and slave 
device 2 repeatedly generate a sampling number having a value 
from 0 to 11 at each sampling cycle T and insert this sampling 
number into the sampling information to be transmitted. The 
third assumption is that sampling time in the master device 1 



is offset by AT from that in the slave device 2 and further a 
sampling number in the former is offset by 6 from that in the 
latter. The fourth assumption is that a transfer delay time Td 
in the transfer path is identical in both the directions. 

Flow of information between the master device 1 and the 
slave device 2 in a communication network based on the 
conventional technology will be explained while referring to Fig. 
17. At first, the master device 1 transmits descending sampling 
information 3 including information for starting the sampling 
time matching to the slave device 2 at each local sampling time 
having the sampling number of 0. 

The slave device 2 receives the descending sampling 
information 3 after passage of the transfer delay time Td and 
calculates a time interval Ts from the local sampling time 
(sampling number 9 in Fig. 17) just before receiving the 
descending sampling information 3 until the time point when the 
information 3 is received. 

The slave 2 then transmits the ascending sampling 
information 4 including the calculated time interval Ts to the 
master device 1 at local sampling time (sampling number 10 in 
Fig. 17) next to that when the descending sampling information 
3 is received. 

Finally, The master device 1 receives the ascending 
information 4 after passage of the transfer delay time Td and 
calculates a time interval Tm from the local sampling time just 



before the sampling information 4 is received (sampling number 
7 in Fig. 17) until the sampling information 4 is received. 

As understood from the example shown in Fig. 17, a relation 
between the transfer delay time Td, the measured time Ts, and 
Tm is as expressed by the following equations: 

Td +AT = N X T + Ts ••• (1) 

Td = M X T + Tm +AT ••• (2) 

Herein N is a number of sampling cycles from sampling time 
in the slave device 2 closest to the time point when the descending 
sampling information 3 is received by the master device 1 until 
the sampling time as a reference when the slave device 2 measures 
the time interval Ts . M is a number of sampling cycles from the 
sampling time in the master device 1 closest to the time point 
when the slave device 2 transmits the sampling information 4 until 
the sampling time as a reference when the master device 1 measures 
the time interval Tm. Accordingly, the following equation is 
obtained from the equations (1) and (2). 

AT = (N - M) X T/2 + (Ts - Tm)/2 (3) 

Values of N and M in the equations (1) and (2) are obtained 
from a sampling number SA2 (7 in Fig. 17) at the local sampling 
time just before the ascending sampling information 4 is received 
by the master device 1 according to the following equations . 
For instance, when SA2 is odd, then 

M = (SA2 - l)/2 , N = (SA2 - l)/2 (4) 
when SA2 is even and Tm is larger than Ts, then 



M = SA2/2, N = SA2/2 - 1 • • • (5) 
when SA2 is even and Tm is smaller than Ts, then 
M = SA2/2 - 1 , N = SA2/2 (6) 

Accordingly the master device 1 decides AT through the 
equations (3) to (6) , and adjusts the local sampling time in such 
a way that At becomes zero. In the example shown in Fig. 17, 
since SA2 is equal to 7 , N becomes 3 and M becomes 3, and At is 
decided through the equation of At = (Ts - Tm)/2. Fine adjustment 
of sampling time in the master device 1 and slave device 2 is 
executed as described above. 

A method of matching the sampling number for roughly 
adjusting the sampling time is explained here. For instance, 
delay £ of a sampling number in the master device 1 from that 
in the slave device 2 is decided from the sampling number RA1 
(10 in Fig. 17) inserted by the slave device 2 into the ascending 
sampling information and SA2 explained above through the 
following equation: 

£ = RA1 - (SA2 + l)/2 ••• (7) 

The master device 1 decides £ through the equation (7), 
and advances the local sampling number in such a way that £ 
becomes zero. In the example of Fig. 17, SA2 is 7 and RA1 is 
10 so that £ becomes 6. When £ obtained through the equation 
(7) is a negative, it indicates that a sampling number in the 
master device 1 is faster than that in the slave device 2. With 
the procedure described above, it is possible to match the 



sampling number in the master device 1 to that in the slave device 
2. 

A method of expanding a conventional type of communication 
network as described above to a large-scale communication network 
in which sampling time in a master device is matched to that in 
each of a plurality of slave devices and also the master device 
collects sampling information from the plurality of slave devices 
is explained here. As shown, for instance, in Fig. 1, one or 
more units of packet multiplexers are provided between the master 
device and the plurality of slave devices to form a tree-formed 
large-scale communication network. 

In Fig. 1, reference numeral 6 indicates a master device 
for collecting sampling information from each of the slave 
devices and executing communications for matching the sampling 
time according to that in each slave device. Reference numeral 
7 indicates a plurality of slave devices each for transmitting 
the sampling information to the master device 6 and also executing 
communications for matching the sampling time. Reference 
numeral 8 indicates packet multiplexer. Two packets as explained 
below are transacted between the master device 6 and slave device 
7. 

The first packet is a general packet indicating the 
sampling information, and the second packet is a specific packet 
used for communications for matching the sampling time. Packets 
transacted between the master device 6 and slave device 7 are 



classified to general packets and specific packets so that 
communications for matching the sampling time is preferentially 
executed prior to collection of sampling information and a 
transfer delay time in transfer from the master device to the 
slave device is equalized to that in the reverse direction to 
satisfy the equation (3). 

For instance, as a method of preferentially executing 
communicating for matching the sampling time, there is a method 
of providing a buffer for each priority in the packet multiplexer 
8. As an example, Fig. 18 shows the internal configuration of 
the packet multiplexer 8 based on the conventional technology 
disclosed in Japanese Patent Laid-Open Publication No. HE I 
7-131465. 

In Fig. 18, reference numeral 11 indicates a master-side 
port, 12 indicates a slave-side port, 13 indicates a transfer 
path terminating circuit for terminating a packet transmitted 
to or from a transfer path at a physical layer level. Reference 
numeral 14 indicates a general packet multiplexing bus, 15 
indicates a specific packet multiplexing bus . Reference numeral 
16 indicates a general packet buffer for storing therein a general 
packet received from the slave-side port, reference numeral 17 
indicates a specific packet buffer for storing a specific packet 
received from the slave-side port, and reference numeral 18 
indicates a buffer selection circuit. It should be noted that 
a circuit for relay from the master- side port to the slave-side 



port is not shown. 

A method of priority control for the packet multiplexer 
8 based on the conventional technology is explained here. At 
first, the transfer path terminating circuit 13 provided in the 

5 slave-side port 12 classifies the packets received from the 
slave-side port 12 to general packets and specific packets. The 
classified general packets are stored via the general packet 
multiplexing bus 14 in the general packet buffer 16, while the 
classified specific packets are stored via the specific packet 

10 multiplexing bus 15 in the specific packet buffer 17. When a 
specific packet is stored in the specific packet buffer 17, the 
buffer selection circuit 18 controls the specific packet buffer 
17 so that the specific packet is preferentially output ted to 
the master- side port 11 prior to the output of the general packets 

15 stored in the general packet buffer 16. 

By executing the method for priority control to all of the 
slave devices , in the communication network based on the 
conventional technology, in communications for setting sampling 
time, a transfer delay time in the master device 6 can 

20 substantially be matched with that in the slave device 7. 

In the communication network based on the conventional 
technology, however, following problems occur when the packet 
multiplexer as described above is used. 

For instance, when a specific packet arrives from another 

25 slave-side port while a general packet from a slave- side port 



is being relayed to a master-side port, the time required for 
queuing until relay of the specific packet can be relayed is at 
the maximum a time required for relaying one general packet and 
at the minimum zero, and thus the queuing time varies within this 
5 range . 

Further, when specific packets arrive from a plurality of 
slave-side ports simultaneously, a time for queuing required 
until a specific packet is relayed is at the maximum a product 
of a time required for relaying one packet by a number of 
10 slave -side ports and at the minimum zero , and thus the time varies 
within this range. 

As described above, fluctuation of a transfer delay time 
(the time required for the above explained queuing) increases 
in proportion to a number of packet multiplexers through which 
15 specific information passes through. 

Briefly the problem described above can be expressed by 
the following equation: 

Fluctuation of a transfer delay time due to queuing for 
transmission from a slave device to a master device = 
20 (a time required for the relay of General packet + a time 

required for the relay of specific packet X a number of slave- side 
ports) 

X number of packet multiplexers which pass the specific 
information • • • ( 8 ) 
25 On the other hand, a time for queuing when a specific packet 



is relayed from a master- side port in a packet multiplexer to 
a slave-side device is zero, namely fluctuation of a transfer 
delay time due to queuing for relay from a master device to a 
slave device is zero regardless of a number of packet multiplexers 
through which a specific packet passes. 

Accordingly, the equation (3) is not satisfied because a 
transfer delay time from a master device to a slave device is 
different from that in the reverse direction, and in addition, 
a correction can not be added to equation (3) because of 
fluctuation of a transfer delay time due to a time required for 
packet relay from a master device to a slave device as expressed 
by the equation ( 8 ) . Therefore , there is a problem that precision 
in sampling time for packet relay between a master device and 
slave devices equivalent to what has been expressed in the 
equation (8 ) . 

It should be noted that a major portion of fluctuation in 
a delay time in transfer between devices is generated due to the 
time required for queuing as described above, and in addition, 
as a phase of an operating clock varies device by device, so that 
the delay is generated also due to adjustment of the phase. 
However, the percentage is small as compared to that due to the 
time required for queuing. 



KTIMMARY OF THE INVENTION 

It is an object of the present invention to provide a 



communication network and a master device for the network, a slave 
device, a multiplexer and a switch each constituting the 
communication network which can improve sampling time in 
information transfer between the master device and each of the 
5 slave devices by eliminating fluctuation in a transfer delay time 
with respect to a specific packet due to a time required for 
queuing as well as by matching at a high level a transfer delay 
time in the master device to that in a slave device. 

With the present invention, the master device executes 

10 polling for each of the slave devices via the multiplexer, and 
each of the slave devices transmits specific information for 
starting to the master device according to a polling order and 
matches the sampling time by executing a prespecif led operation 
according to specified information for returning returned from 

15 the master device. With this operation, fluctuation in a 
transferring a specific packet from the slave device to the master 
device due to queuing can be eliminated. 

With the present invention, general information can be 
transmitted at each sampling time, so that data communications 

20 between devices can be realized. 

With the present invention, under control by the 
master- destined information selecting unit, any one of the 
master -destined general information receiving unit and 
master-destined specific information is selected, and output 

25 therefrom to the master device is allowed according to a 

11 



prespecified method. With this operation, specific information 
can be outputted at constant timing, and fluctuation in a transfer 
delay time due to a time required for packet transfer between 
a slave device to a master device can be eliminated. 

With the present invention, a delay time in relay from a 
point of time when a header of specific information arrives at 
a slave -side port in the multiplexer under a point of time when 
the deader of the specific information is outputted from the 
master- side port is always equal to a sum of a specific constant 
time and other constant processing delay time (such as a time 
for passing through a transfer path terminating circuit or the 
like) , so that fluctuation in a delay time in relay due to queuing 
does not occur. With this feature, fluctuation of a delay time 
in transferring specific information from the slave device to 
the master device due to queuing can be eliminated. 

With the present invention, the transmission selecting 
unit selects any one of the general information transreceiving 
unit and a specific information transreceiving unit , and allows 
output therefrom, hence, controls can be provided so that 
fluctuation in a time required for transmission from the local 
sampling time until transmission of specific information can be 
eliminated in both the master device and slave devices. 

With the present invention, a delay time in processing from 
a point of time when the specific information transreceiving unit 
requests transmission until a point of time when a header of the 



specific information is outputted is always equal to a certain 
constant period of time and other constant processing time (such 
as a time required for passing through the transfer path 
terminating circuit or the like) regardless of how general 
5 information is being relayed, so that fluctuation in a delay time 
does not occur. Also the processing delay time is identical in 
both the master device and each slave device. With this feature, 
precision of sampling time in the master device and in each slave 
device can further be improved. 

10 With this information, when general information or 

specific information is received from a master-side port, the 
general information or specific information is accumulated after 
input thereof into the slave- destined information receiving unit 
is started for a specified period of time decided by a time 

15 required for transmission of specific information, and the 
accumulated information is outputted from the slave -destined 
information receiving unit after passage of the specified period 
of time. With this feature, in the communication network, a delay 
time in transferring specific information in the master device 

20 and that in the slave device can be matched to each other with 
high precision. 

With the present invention, when specific information has 
not been received from the master-side port, output from the 
slave-destined general information receiving unit is allowed, 

25 and when specific information has been received from the 

13 



master- side port, output of the specific information in inhibited 
for a specified period of time decided by a time required for 
transmission of the specific information after input thereof into 
the slave-destined specific information receiving unit is 
started, and further new output from the slave- destined general 
information receiving unit is inhibited for a specified period 
of time, and after passage of the specified period of time, output 
from the slave -destined specific information receiving unit is 
allowed . With this feature , in the communication network 
according to the present invention, a delay time in transfer in 
the master device can be matched to that in the slave device with 
high precision, and further a delay time in transferring general 
information from the master device to the slave device can be 
reduced . 

With the present invention, when the master-destined 
information selecting unit has received specific information 
from any of the slave- side ports, new output from the management 
information transreceiving unit is inhibited for a specified 
period of time, and output from the master-destined specific 
information receiving unit is allowed after passage of the 
specif led period of time, and when the slave-destined information 
selecting unit has received specific information from the 
master- side port, new output from the management information 
transreceiving unit is inhibited for a specified period of time, 
and output from the slave-destined specific information 



receiving unit is allowed after passage of the specified period 
of time. With this feature, in this communication network, even 
when the packet multiplexer transmits or receives management 
information, a delay time in transferring specific information 
in the master device and that in the slave device can be matched 
to each other with high precision. 

With the present invention, each of the second multiplexers 
does not relay specific information and functions as a slave 
device with respect to a master device at a higher level and 
functions as a master device with respect to each of the devices 
at a lower level, and thus sampling time is adjusted to the upper 
device and lower device in two stages. With this feature, in 
this communication network, even when a number of slave devices 
increases , precision of sampling time in each slave device can 
be improved. 

With the present invention, under controls by the 
master- destined information selecting unit and slave -destined 
information selecting unit, general information and specific 
information are selected, and output thereof to each device is 
allowed according to a prespecified method. With this feature, 
specific information can be outputted at constant timing, and 
fluctuation of a delay time in transfer due to queuing between 
the slave device and master device can be eliminated. 

With the present invention, a delay time in processing from 
a point of time when the master- side specific information 



transreceiving unit or slave- side specific information 
transreceiving unit requests transmission until a point of time 
when a header of the specific information is outputted from the 
master-side port or slave- side port is always equal to a sum of 
a certain specified period of time and other constant processing 
delay time (such as a time required for passing through the 
transfer path terminating circuit or the like) regardless of how 
general information is being relayed, so that fluctuation in a 
delay time due to queuing does not occur. Further, there occurs 
no fluctuation in a delay time in transferring specific 
information due to a time required for queuing in the master device 
nor in the second multiplexer, and further there occurs no 
fluctuation in a delay time in transfer between the second 
multiplexer and slave device. Because of this feature, in the 
communication network according to the present invention, a 
transfer delay time in the master device can be matched to that 
in the second multiplexer with high precision and further a 
transfer delay time in the second multiplexer can be matched to 
that in the slave device with high precision with precision of 
sampling timing in each slave further improved even if a number 
of slave devices in the communication network increases . 

With the present invention, the master device specifies 
each of the slave devices via a multiplexer and a third multiplexer 
according to a round-robin, and then each of the slave devices 
transmits specific information for starting according to the 



specified order and executes a prespecif ied operation according 
to specific information for returning returned from the master 
device in response to the specific information for starting for 
adjusting sampling time. With the feature, even if there are 
a plurality of master devices each collecting sampling 
information from the slave device, a delay time in transferring 
specific information in the master device for setting sampling 
time and that in each slave device can be matched to each other 
with high precision. 

With the present invention, general information or 
specific information is selected under controls by the 
master-destined information selecting unit, slave -destined 
information selecting unit, and second master-destined 
information selecting unit, and output thereof to each device 
is allowed according to a prespecif ied method . With this feature , 
output of specific information can be executed at constant timing, 
and fluctuation in a transfer delay time due to a time required 
for queuing in a slave device or a master device can be eliminated. 

With the present invention, a time required for relay 
between a master- side port and a slave -side port when relaying 
specific information with a third multiplexer is always equal 
to a sum of a constant period of time and other constant processing 
delay time (such as a time required for passing through the 
transfer terminating circuit or the like) regardless of how 
general information is being relayed, and there occurs no 



fluctuation due to a time required for queuing. Also a delay 
time in transferring a specific packet in the master device can 
be matched to that in the slave device with high precision. With 
this feature, in the communication network according to the 
present invention, even when a plurality of second master devices 
are provided each for collecting sampling information from a 
slave device, precision in sampling time in the master device 
can be matched to that in the slave device with high precision. 

With the present invention, a third master device specifies 
each of the slave devices via a multiplexer , a fourth multiplexer , 
and a third multiplexer according to a round-robin, and each of 
the slave devices transmits specific information for starting 
according to the specified order and executes a prespecified 
operation according to specific information for returning 
returned from the master device in response to the specific 
information for starting for adjusting the sampling time. With 
this feature, in the communication network according to the 
present invention, a small-scale communication network formed 
with a master device and a plurality of slave devices are provided, 
and even when each master device collects sampling information 
from a slave device within the local small-scale communication 
network or from that outside the local small-scale communication 
network, a delay time in transferring a specific packet in a master 
device for adjusting sampling time can be matched to that in the 
slave device with high precision. 

18 



With the present invention, general information or 
specific information is selected under controls by the 
master- destined information control unit, slave-destined 
information selecting unit, and switch- destined information 
5 selecting unit, and output thereof to each device is allowed 
according to a prespecified method. With this feature, output 
of specific information can be executed at constant timing, and 
fluctuation in a transfer delay time due to a time required for 
queuing in the slave device or in the master device can be 
10 eliminated • 

With the present invention, a time required for relay 
between a master- side port and a slave- side port when relaying 
specific information with a fourth multiplexer is always equal 
to a sum of a constant period of time and other constant processing 
15 delay time (such as a time required for passing through the 
transfer terminating circuit or the like) regardless of how 
general information is being relayed, and there occurs no 
fluctuation due to a time required for queuing. Also a delay 
time in transferring a specific packet in the master device can 
20 be matched to that in the slave device with high precision. With 
this feature, in the communication network according to the 
present invention, a plurality of small scale networks comprising 
a second master devices and a plurality of slave devices are 
provided and even when each sampling information is collected 
25 from the slave devices inside the small scale network or from 



the slave devices outside the small scale network, precision in 
sampling time in the master device can be matched to that in the 
slave device with high precision. 

With the present invention, a third master device specifies 
each slave device via a switch, a multiplexer, and a multiplexer 
according to a round-robin, and then each slave device transmits 
specific information for starting according to the specified 
order and executes a prespecif led operation according to specific 
information for returning returned from the master device in 
response to the specific information for starting for adjusting 
sampling time. With this feature, in the communication network 
according to the present invention, there are provided a 
plurality of small-scale communication network each formed with 
a master device and a plurality of slave devices, and even when 
each master device collects sampling information from a slave 
device within the local small-scale communication network or that 
outside the local small—scale communication network, a delay time 
in transferring a specific packet in the master device for setting 
sampling time and that in each slave device can be matched to 
each other with high precision. 

With the present invention, general information or 
specific information is selected under control by the 
master-destined information selecting unit, second master- 
destined information selecting unit, and switch, and output 
thereof to each device is allowed according to a prespecif led 
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method. With this feature, output of specific information can 
be executed at constant timing, and fluctuation in a transfer 
delay time due to a time required for queuing in the slave device 
and in the master device can be eliminated. 

With the present invention, a relay time between a 
master- side port and a slave- side port when a switch relays 
specific information is always equal to a sum of a certain constant 
period of time and other constant processing delay time (such 
as a time required for passing through the transfer path 
terminating circuit or the like) regardless of how general 
information is being relayed, and there occurs no fluctuation 
due to a time required for queuing. Also a delay time in 
transferring specific information in the master device and that 
in the slave device can be matched to each other with high 
precision . With this feature , even when each of the second master 
devices collects sampling information from a slave device within 
the local small-scale network or that outside the local 
small-scale network, precision of sampling time in the master 
device as well as that in the slave device can be improved. 

With the present invention, even when general information 
or specific information has a variable length, a specified period 
of time in which output of specific information is inhibited is 
set to that decided by a time required for transmission of 
information with present maximum length according to operations 
of the master-destined information selecting circuit, so that 



precision of sampling time in the master device and that in each 
slave device can be improved. 

With the present invention, the transmission selecting 
unit selects either one of a general information transreceiving 
unit and specific information transreceiving unit and allows 
output therefrom, and because of this feature output of the 
specific information can be controlled so that fluctuation of 
a delay time in transmission with an external slave device can 
be eliminated. 

With the present invention, a delay time in an operating 
sequence from a point of time when the specific information 
receiving unit requests transmission until a point of time when 
header of the specific information is output ted from the 
transreceiving port is always equal to a certain constant period 
of time and other constant processing delay time (such as a time 
required for passing through the transfer path terminating 
circuit or the like), and because of this feature fluctuation 
in a sequence of operations with an external slave device can 
be eliminated. 

With the present invention, the transmission selecting 
unit selects wither one of the general inf ormation transreceiving 
unit and specific information transreceiving unit and allows 
output therefrom, and because of this feature output of the 
specific information can be controlled so that fluctuation in 
a time required for communications with an external master device 



is eliminated. 

With the present invention, a delay time in processing from 
a point of time when the specific information transreceiving unit 
requests transmission until a point of time when a header of the 
specific information is outputted from the transreceiving port 
is always equal to a sum of a certain constant period of time 
and other constant processing delay time (such as a time required 
to pass through the transfer path terminating circuit or the like) , 
and because of this feature, fluctuation in communications with 
an external master device can be eliminated. 

With the present invention, under control by the 
master- destined information selecting unit, any one of the 
master-destined general information receiving unit and 
master-destined specific information receiving unit is selected, 
and output therefrom is allowed according to a prespecified 
method. With this feature, specific information can be outputted 
at constant timing, and fluctuation in a transfer delay time due 
to a time required for queuing in the slave device and in the 
master device can be eliminated. 

With the present invention, a relay delay time from a point 
of time when a header of specific information arrives at a 
slave-side port of a multiplexer until a point of time when the 
header of specific information is outputted from the master- 
side port is always equal to a certain constant period of time 
and other constant processing delay time (such as a time required 



for passing through the transfer path terminating circuit or the 
li3ce) regardless of how general information is being relayed, 
and fluctuation in a relay delay time due to a time required for 
queuing can he eliminated . 
5 With the present invention, when general information or 

specific information is received from the master- side port, the 
general information or specific information is accumulated for 
a specified period of time decided by a particular transmission 
time after input of the general information or specific 

10 information is started, and the accumulated information is 
output ted from the slave -destined information receiving unit 
after passage of the specified period of time . 

With the present invention, when specific information has 
not been received from the master-side port, output from the 

15 slave-destined general information receiving unit is allowed, 
and when specific information has been received from the 
master-side port, output of specific information is inhibited 
for a specified period of time decided by a particular 
transmission time after input to the slave -destined specific 

20 information receiving unit is inhibited, and further new output 
from the slave-destined general information receiving unit is 
inhibited for a specified period of time, and then output from 
the slave-destined specific information receiving unit is 
allowed after passage of the specified period of time. With this 

25 feature, a delay time in transferring the specific information 



in an external master device and. that in the slave device can 
be matched to each other with high precision, and further a delay 
time in transferring general information from the master device 
to the slave device can be reduced . 
5 With the present invention, when the master-destined 

information selecting unit has received from any of the 
slave-side ports, new output from the management information 
transreceiving unit is inhibited for a specified period of time, 
and output from the master-destined specific information 

10 receiving unit is allowed after passage of the specified period 
of time , and further when the slave -destined information 
selecting unit has received from the master-side port, new output 
from the management information transreceiving unit is inhibited 
for a specified period of time, and output from the slave-destined 

15 specific information receiving unit is allowed after passage of 
the specified period of time. With this feature, when a packet 
multiplexer sends or receives management information, a delay 
time in transferring specific information in the slave device 
and that in the master device can be matched to each other with 

20 high precision. 

With the present invention, under controls by the 
master-destined information selecting unit and slave-destined 
information selecting unit, general information and specific 
information are selected and output thereof to each device is 

25 allows according to a prespecified method. With this feature. 



specific information can be outputted at constant timing, and 
fluctuation in a transfer delay time due to a time required for 
queuing in the slave device and that in the master device can 
be eliminated. 

5 With the present invention, a delay time in processing from 

a point of time when the master- side specific information 
transreceiving unit or slave- side specific information 
transreceiving unit requests transmission until a point of time 
when a header of the specific information is outputted from the 

10 master-side port or slave-side port is always equal to a certain 
constant period of time and other constant processing delay time 
(such as a time required for passing through the transfer path 
terminating circuit or the like) regardless of how general 
information is being relayed, so that fluctuation in a delay time 

15 due to a time required for queuing can be eliminated. 

With the present invention, under controls by the 
master- destined inf ormation selecting unit, slave-destined 
information selecting unit, and second master-destined 
information selecting unit, general information and specific 

20 information are selected, and output thereof to each device is 
allowed according to a prespecified method. With this feature, 
output of specific information can be executed at constant timing, 
and a transfer delay time due to a time required for queuing in 
the slave device and in the master device can be eliminated. 

25 With the present invention, a relay time between the 
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master-side port and slave-side port when relaying specific 
information with a third multiplexer is always equal to a sum 
of a certain constant period of time and other constant processing 
delay time (such as a time required for passing through the 
5 transfer path terminating circuit or the like) regardless of how 
general information is being relayed, so that fluctuation in a 
delay time due to a time required for queuing can be eliminated. 

With the present invention, under controls by the 
master -destined information control unit, slave-destined 

10 information selecting unit, and switch-destined selecting unit, 
general inf ormation or specific information is selected and 
output thereof to each device is allowed according to a 
prespecified method. With this feature, output of specific 
information can be executed at constant timing, and fluctuation 

15 . in a transfer delay time due to a time required for queuing in 
the slave and in the master device can be eliminated. 

With the present invention, a relay time between the 
master- side port and slave- side port when relaying specific 
information with a fourth multiplexer is always equal to a sum 

20 of a certain constant time and other constant processing time 
(such as a time required for passing through the transfer path 
terminating circuit or the like) regardless of how general 
information is being relayed) , so that fluctuation in a delay 
time due to a time required for queuing can be eliminated. 

25 With the present invention, under controls by the 
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master- destined inf ormation control, second master-destined 
information selecting unit and switch, general information and 
specific information are selected, and output thereof to each 
device is outputted according to a prespecified method. With 
this feature, output of specific information can be executed at 
constant timing, and a transfer delay time due to a time required 
for queuing in the slave device and in the slave device can be 
eliminated . 

With the present invention, a relay time between the 
master- side port and slave- side port when relaying specific 
information with a switch is always equal to a sum of a certain 
constant period of time and other constant processing delay time 
{such as a time required for passing through the transfer path 
terminating circuit or the like) , so that fluctuation in a delay 
time due to a time required for queuing can be eliminated. 

Other objects and features of this invention will become 
apparent from the following description with reference to the 
accompanying drawings . 

BRIEF DES CRIPTION OF THE DRAWINGS 

Fig. 1 shows a general configuration of a communication 
network according to the present invention; 

Fig. 2 shows the internal configuration of a packet 
multiplexer according to Embodiment 1; 

Fig. 3 is an example of a timing chart of a flow of a specific 
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packet from a slave device 7 to a master device 6; 

Fig. 4 shows a portion relating to packet transaction in 
internal configuration of a master device and a slave device 
according to Embodiment 2; 
5 Fig. 5 shows an internal configuration of a packet 

multiplexer according to Embodiment 3; 

Fig, 6 shows an internal configuration of a packet 
multiplexer according to Embodiment 4 ; 

Fig. 7 shows an internal configuration of a packet 
10 multiplexer according to Embodiment 5; 

Fig. 8 shows a configuration of a communication network 
according to Embodiment 6; 

Fig. 9 shows an internal configuration of a second packet 
multiplexer according to Embodiment 6; 
15 Fig. 10 shows a configuration of a communication network 

according to Embodiment 7; 

Fig. 11 shows an internal configuration of a third packet 
multiplexer according to Embodiment 7; 

Fig. 12 shows a configuration of a communication network 
20 according to Embodiment 8; 

Fig. 13 shows an internal configuration of a fourth packet 
multiplexer according to Embodiment 8; 

Fig. 14 shows a configuration of a communication network 
according to Embodiment 9; 
25 Fig. 15 shows an internal configuration of a packet switch 



according to Embodiment 9; 

Fig. 16 shows a general configuration of a communication 
network based on the conventional technology; 

Fig. 17 is an example of a timing chart showing a flow of 
5 information between a master device and slave devices in the 
communication network based on the conventional technology; and 

Fig. 18 shows an internal configuration of a packet 
multiplexer based on the conventional technology. 

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Detailed description is made hereinafter for the 
embodiments of a communication network according to the present 
invention as well as of a master device, a slave device, a 
multiplexer and a switch used in the communication network. It 

15 should be noted that the present invention is not limited to the 
embodiments described herein. 

Fig. 1 shows a configuration of the communication network 
according to the present invention. It should be noted that, 
in this embodiment, as shown in Fig. 1, one or more units of packet 

20 multiplexers are provided between a master device and a plurality 
of slave devices to form a tree-formed large-scale communication 
network . 

In Fig. 1, reference numeral 6 indicates a master device 
for collecting sampling information from each of the slave 
25 devices and executing communications for matching the sampling 



time according to that in each slave device. Reference numeral 
7 indicates a plurality of slave devices each for transmitting 
the sampling information to the master device 6 and also executing 
communications for matching the sampling time according to that 
in the master device. Reference numeral 8 indicates packet 
multiplexer. Two packets as explained below are transacted 
between the master device 6 and the save device 7. The first 
packet is a general packet indicating sampling information, and 
the second packet is a specific packet used for communications 
for matching sampling time. 

The packets transacted between the master device 6 and 
slave device 7 are classified into general packets and specific 
packets in order to establish the equation (3) by preferentially 
executing communications for matching the sampling time prior 
to collection of sampling information and equalizing a transfer 
delay time in the master device to that in the slave device. 

It is an object of the communication network according to 
the present embodiment to eliminate a delay time in transferring 
a specific packet due to a time required for queuing from the 
slave device to the master device. 

Operations of each of the devices constituting the 
communication network shown in Fig. 1 are explained below. Each 
slave device 7 transmits a general packet at a cycle prespecif led 
for each slave device to the master device 6. It should be noted 
that, so long as the cycle is followed, transmission may be made 



at any time* 

The master device 6 specifies a slave device 7 according 
to a round-robin (this operation is described as polling 
hereinafter) , and the polled slave device 7 transmits a specific 
packet to the master device 6 . A flow of specific packet 
transaction is the same as that shown in the timing chart showing 
a flow of communications for sampling time matching in the 
conventional type of communication network shown in Fig. 17 
excluding the point that functions executed by the master device 
and slave devices are contrary to those shown in the timing chart . 

Namely, the polled slave device 7 transmits a specific 
information for starting the sampling time matching to the master 
device 6 according to the local sampling time, and the master 
device 6 having receiving the specific packet returns a specific 
packet to the slave device 7 according to the local sampling time. 
Further, the slave device 7 having received the specific packet 
returned from the master device computes At, and adjusts the 
sampling time and the sampling number (Refer to description of 
the communication network based on the conventional network) . 

Accordingly, because of the polling as described above, 
maximum two specific packets can simultaneously exist on the 
communication network. It is assumed herein that the general 
packet and the specific packets transacted between the master 
device 6 and slave device 7 have the same and fixed packet length. 
A control area is provided in a header of the general packet and 

32 



i 

the specific packet, and an identification bit for determining 
whether the packet is a general packet or a specific packet is 
provided at a head of this control area. 

Fig. 2 shows an internal configuration of the packet 
5 multiplexer 8 in this embodiment. In this figure, reference 
numeral 21 indicates a master-destined general packet buffer 
provided in each slave- side port 12 , reference numeral 22 
indicates a master-destined specific packet buffer provided for 
all of the slave-side ports 12. Reference numeral 23 indicates 

10 a packet broadcasting bus for broadcasting a packet from the 
master-side port 11 to all of the slave-side ports 12 , reference 
numeral 24 indicates a packet multiplexing bus for transmitting 
a packet from all of the slave-side ports 12 to the master-side 
port 11 . Reference numeral 25 indicates a master-destined buffer 

15 selection circuit for selecting a master-destined buffer. 

Operations of the packet multiplexer according to this 
embodiment are explained below with reference to Fig. 2. For 
instance, when a general packet or a specific packet has been 
received from the master-side port 11, the packet multiplexer 

20 8 broadcasts the packet via the packet broadcasting bus 23 to 
all of the slave-side ports 12 . On the other hand, when a general 
packet or a specific packet has been received from each slave- side 
port 12, at first the transfer path terminating circuit 13 in 
the packet multiplexer 8 refers to the identification bit in the 

25 control area of the packet. 
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When the identification bit indicates a general packet, 
then the general packet is once stored in the master-destined 
general packet buffer 21 provided to the slave-side port 12, and 
when the identification bit indicates a specific packet, then 
5 the specific packet is once stored in the master-destined 
specific packet buffer 22. Each of these buffers transmit the 
packet received from the master- side port 11 via the packet 
multiplexing bus 24after getting a permissions from the 
master-destined buffer selection circuit 25. 

10 Operations of the master-destined buffer selection circuit 

25 are explained below. For instance, when a specific packet 
is not stored in the master-destined specific packet buffer 22, 
the master -destined buffer selection circuit 25 selects any one 
of the master- destined general packet buffers 21 in which the 

15 general packet is stored according to a round-robin, and allows 
an output therefrom. Even if the entire packet is not stored 
in each of the buffers , when storage of a header of the packet 
has been started, it is regarded that the entire packet has been 
stored in the buffer. 

20 When storage of a header of a specific packet in the 

master-destined specific packet buffer 22 has been started, the 
master-destined buffer selection circuit 25 inhibits output of 
the specific packet for a specified period of time until a point 
of time when the entire specific packet has been stored in the 

25 master-destined specific packet buffer 22. This specified 
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period of time is the time required for transmission of one packet . 
During this specified period of time, if output of a general packet 
from other master-destined general packet buffer 21 is in process 
then the output is continued but a new output is inhibited. 

After passage of the specified period of time, the 
master- destined buffer selection circuit 25 gives a preference 
to the output from the master -destined specific packet buffer 
22 with respect to the output from the master-destined general 
packet buffers 21. 

Fig . 3 is a timing chart showing a flow of a specific packet 
from the slave device 7 to the master device 6. Fig. 3 shows 
an example of a delay time when a specific packet is transmitted 
from the slave device 7 to the master device 6 in a communication 
network in which one master device 6 and two slave devices 7 are 
connected to each other with one unit of packet multiplexer 8 . 

Case 1 in Fig. 3 is a case in which only a specific packet 
is relayed in the packet multiplexer 8, Case 2 is a case in which 
a general packet also arrives during a period of time required 
for waiting for completion of transmission of a packet as a whole 
from a point of time when a specific packet arrives in the packet 
multiplexer 8, and Case 3 is a case in which a general packet 
arrives while a specific packet is being transmitted after a 
specified period of time for waiting completion of transmission 
of one packet as a whole after the specific packet arrives in 
the packet multiplexer 8. 
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In any of the cases , a delay time in transferring a specific 
packet from the slave device 7 to the master device 6 is equal 
to: 

a delay in a transfer path from the slave device 7 to the 
packet multiplexer 8 

+ a specific period of time required for transmission of 
one packet as a whole 

+ delay due to specific processing in the packet 
multiplexer 8 

+ a delay in a transfer path from the packet multiplexer 
8 to the master device 6. Thus the delay time is constant. It 
should be noted that a delay time due to specific processing in 
the packet multiplexer 8 is not shown in Fig. 3. 

With the procedure as described above, in the present 
embodiment, a delay time in relay" from the point of time when 
a header of a specific packet arrives in the slave- side port 12 
of the packet multiplexer 8 until a point of time when the header 
of the specific packet is outputted from the master- side port 
11 is always equal to a constant period of time required for 
transmission of one packet and other constant processing delay 
time (such as a time required for passing through a transfer path 
terminating circuit or the like), so that a delay in relay due 
to queuing does not occur. Similarly, a delay in transferring 
a specific packet from the slave device 7 to the master device 
6 due to queuing does not occur. 



On the other hand, a delay time in relaying a specific 
packet to the packet multiplexer in the reverse direction, namely 
a delay time in relaying from the master- side port 11 to the 
slave-side port 12 does not fluctuate due to queuing because there 
5 is no conflict with a general packet and only a constant processing 
delay time is required. Accordingly, there occurs no fluctuation 
of a delay time in transferring a specific packet from the master 
device 6 to the slave device 7 . 

In order to match a delay time in transfer from the slave 

10 device 7 to the master device 6 due to queuing to a delay time 
in transfer from the master device 6 to the slave device 7 due 
to queuing, a delay time in transferring a specific packet from 
the slave device 7 to the master device 6 is longer than a delay 
time in transfer in the reverse direction by a constant period 

15 of time required for transmission of one packet plus a time 
required for passing through a plurality of multiplexers , so that 
the slave device may recognize the difference previously (the 
difference is set in the slave device beforehand) and computes 
At through the equation (3) described above according to the 

20 difference . By computing At according to the method as described 
above, it is possible to improve the precision in the sampling 
time between the master device and slave device. 

It was assumed above that the general packet and the 
specific packet have a fixed packet length. However, even if 

25 the general packet or the specific packet has a variable length, 



by setting a specified period of time for inhibiting output of 
a specific packet to a time decided by a time required for 
transmission of one packet with the prespecif ied maximum length 
under control of a transmission selection circuit the same 
effects as described above can be achieved. 

It was assumed above that the master device and the packet 
multiplexer are different devices. However, the same effect as 
that described above can be obtained if the master device and 
the packet multiplexer at the upper level are combined. 

Further, it was assumed above that the general packet and 
the specific packet are different packets. However, by storing 
both the sampling information and the information for sampling 
time matching in one packet and providing a bit for determining 
whether the information for sampling time matching within the 
packet is valid or invalid the same effect as that described above 
can be achieved. 

Configuration of the communication network according to 
this Embodiment 2 is explained with the help of Fig. 1 . It should 
be noted that the same reference numerals are assigned to the 
same components as those in Embodiment 1 and description thereof 
is omitted herein. Also in this Embodiment 2, types of packets 
to be treated, a flow of sampling time adjustment between the 
master device 6 and each slave device 7 , and operations of the 
packet multiplexer 8 are the same as those in Embodiment 1. 
Herein operations of the master device 6 and slave device 7 when 
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transmitting a packet are different from those in Embodiment 1. 

It is an object of the communication network according to 
this embodiment to eliminate fluctuation in a transmission delay 
time from the local sampling time until transmission of a specific 
5 packet between the master device and slave device. 

Fig. 4 shows portions relating to transaction of a packet 
in internal configuration of the master device 6 as well as of 
the slave device 7 according to the present invention. In this 
figure reference numeral 26 indicates a transreceiving port , 

10 reference numeral 27 indicates a transfer path terminating 
circuit. Reference numeral 28 indicates a general packet 
transreceiving circuit, reference numeral 29 indicates a 
specific packet transreceiving circuit, and reference numeral 
30 indicates a transmission selection circuit. 

15 Operations of the master device 6 and slave device 7 

according to this embodiment are explained here. For instance, 
when a general packet or a specific packet has been received from 
the transreceiving port 26, at first the transfer path 
terminating circuit 27 in the master device 6 or in the slave 

20 device 7 checks the identification bit in the control area of 
the packet . When a result of checking indicates a general packet , 
then this general packet is inputted into the general packet 
transreceiving circuit 28. When a result of checking indicates 
a specific packet, then this specific packet is inputted into 

25 the specific packet transreceiving circuit 29. 



On the other hand, when a general packet or a specific 
packet is to be transmitted, the general packet transreceiving 
circuit 28 or the specific packet transreceiving circuit 29 sends 
the packet from the transreceiving port 26 after getting a 
5 permission from the transmission selection circuit 30 in the 
master device 6 or in the slave device 7 . 

Operations of the transmission selection circuit 30 are 
explained here. For instance, when a transmission request has 
not been received from the specific packet transreceiving circuit 

10 29, and if a transmission request is received from the general 
packet transreceiving circuit 28, then the transmission 
selection circuit 30 allows the transmission. 

On the other hand, when a transmission request is received 
from the specific packet transreceiving circuit 29, then the 

15 transmission selection circuit 30 inhibits transmission of the 
specific packet for a specified period of time required for 
transmission of one packet after the request is received. During 
this specified period of time, if a general packet is being 
transmitted from the general packet transreceiving circuit 28, 

20 then the transmission is continued but transmission of a new 
packet is inhibited. Then after passage of the specified period 
of time, transmission from the specific packet transreceiving 
circuit 29 is preferentially executed prior to transmission from 
the general packet transreceiving circuit 28. 

25 With the procedure as described above, in the present 



embodiment, a delay time in an operating sequence from a point 
of time when the specific packet transreceiving circuit 28 
request transmission until a point of time when a header of a 
specific packet is output ted from the transreceiving port 26 is 
5 always equal to a sum of a specified period of time required for 
transmission of one packet and other constant processing delay 
time (such as a time required for passing through the transfer 
path terminating circuit or the like) regardless of how a general 
packet is being transmitted, so that fluctuation of delay time 

10 in the processing sequence does not occur. Also the delay time 
for this processing in the master device 6 is identical to that 
in the slave device 7, and fluctuation in the delay time does 
not occur in both of the devices. Accordingly, there occurs no 
fluctuation of a delay time due to queuing in transferring a 

15 specific packet between the specific packet transreceiving 
circuit 29 in the slave device 7 and the specific packet 
transreceiving circuit 29 in the master device 6. 

Also as a delay time itself in the master device 6 or slave 
device 7 can be regarded as a portion of the transfer delay time 

20 Td computed through the equation (1) and equation (2), and 
fluctuation of a transfer delay time due to queuing is zero, so 
that the equation (3) is satisfied with extremely high precision. 

As described above, in this embodiment, precision of 
sampling time in the master device and that in each slave device 

25 can further be improved. It was assumed above that the general 



packet and the specific packet have a fixed packet length. 
However, even if the general packet or the specific packet has 
a variable length, by setting a specified period of time for 
inhibiting output of a specific packet to a time decided by a 
5 time required for transmission of one packet with the 
prespecified maximum length under control of a transmission 
selection circuit the same effects as described above can be 
achieved . 

It was assumed above that the master device and the packet 
10 multiplexer are different devices. However, the same effect as 
that described above can be obtained if the master device and 
the packet multiplexer at the upper level are combined. 

Further, it was assumed above that the general packet and 
the specific packet are different packets. However, by storing 
15 both the sampling information and the information for sampling 
time matching in one packet and providing a bit for determining 
whether the information for sampling time matching within the 
packet is valid or invalid the same effect as that described above 
can be achieved. 

20 Embodiment 3 is also explained with the help of Fig. 1. 

It should be noted that the description is not made for the same 
portions as those in Embodiments 1 and 2 for simplifying 
description herein. In this Embodiment 3, of the types of packets 
to be treated, a flow of operations for sampling time adjustment 

25 between the master device 6 and each of the slave devices 7, 



operations for transaction between the master device 6 and each 
of the slave devices 7 , and operations of the packet multiplexer 
8, an operation for relaying a packet from the slave device 7 
to the master device 6 is the same as that explained in Embodiment 
5 2. Herein, of the operations of the packet multiplexer 8 is 
different from that in Embodiments 1 and 2. 

It is an object of the communication network according to 
this embodiment to match a delay time in transfer in both direction 
in the master device to that in the slave device with high 

10 precision. 

Fig. 5 shows an internal configuration of the packet 
multiplexer 8 according to this embodiment. It should be noted 
that the same reference numerals are assigned to the same portions 
as those in the configuration described above and detailed 

15 description thereof is not made herein. In this figure, 
reference numeral 31 indicates a slave-destined packet buffer 
provided to the master-side port 11 , and reference numeral 32 
indicates a slave-destined buffer control circuit for 
controlling the slave-destined buffer. 

20 To begin with, operations of the packet multiplexer 8 

according to this embodiment when relaying a packet from the 
master device 6 to the slave device 7 are explained. For instance , 
when the packet multiplexer 8 receives a general packet or a 
specific packet from the master-side port 11, the packet is once 

25 stored in the slave-destined packet buffer 31 and broadcast via 



the packet broadcasting bus 23 to all of the slave- side ports 
12. In this step, for a specified period of time from a point 
of time when a header of the packet is stored in the slave -destined 
packet buffer 31 until a point of time when an end of the packet 
5 is stored therein, namely for a specified period of time required 
for transmission of one packet, the packet is stored in the 
slave-destined buffer control circuit 32 , and then outputted from 
the slave -destined packet buffer 31 after passage of the 
specified period of time* Namely, all of packets are delayed 
10 for the specified period of time using the slave-destined packet 
buffer 31. 

With the procedure described above, in the present 
embodiment , a delay time in relay from a point of time when a 
header of the packet arrives in the master- side port 11 in the 

15 packet multiplexer 8 until a point of time when a header of the 
specific packet is outputted from the slave-side port 12 is always 
equal to a sum of a constant period of time required for 
transmission of one packet and other constant processing delay 
time (such as a time required for passing through the transfer 

20 path terminating circuit or the like) . This value matches a delay 
time in relay of a specific packet by the packet multiplexer 8 
from the slave-side port 12 to the master- side port 11 with high 
precision* 

As described above, in the present embodiment, a delay time 
25 in transferring a specific packet in the slave device 7 is matched 



to that in the master device 6 with high precision regardless 
of a number of packet multiplexers through which the specific 
packet passes, and it is not required to previously set a 
difference of a delay time in transfer in both directions in a 
5 slave device, which simplifies management of each slave device. 

It was assumed above that the general packet and the 
specific packet have a fixed packet length. However, even if 
the general packet or the specific packet has a variable length, 
by setting a specified period of time for inhibiting output of 

10 a specific packet to a time decided by a time required for 
transmission of one packet with the prespecif ied maximum length 
under control of a transmission selection circuit the same 
effects as described above can be achieved. 

It was assumed above that the master device and the packet 

15 multiplexer are different devices. However, the same effect as 
that described above can be obtained if the master device and 
the packet multiplexer at the upper level are combined. 

Further, it was assumed above that the general packet and 
the specific packet are different packets. However, by storing 

20 both the sampling information and the inf ormation for sampling 
time matching in one packet and providing a bit for determining 
whether the information for sampling time matching within the 
packet is valid or invalid the same effect as that described above 
can be achieved. 

25 The configuration of communication network according to 



Embodiment 4 is also explained with to the help of Fig, 1. It 
should be noted that the description is not made for the same 
portions as those in Embodiments 1 to 3 for simplifying the 
description. In this Embodiment 4, of the types of packets to 
5 be treated, a flow of operations for sampling time adjustment 
between the master device 6 and each of the slave devices 7, 
operations for transaction between the master device 6 and each 
of the slave devices 7 , and operations of the packet multiplexer 
8, an operation for relaying a packet from the slave device 7 

10 to the master device 6 is the same as that in Embodiment 2 . Herein , 
of the operations of the packet multiplexer 8 is different from 
that in Embodiments 1 and 2. 

It is an object of the communication network according to 
this embodiment to match a delay time in transfer in both direction 

15 in the master device to that in the slave device with high 
precision and also to reduce a delay time in transferring a 
specific packet from the master device to the slave device. 

Fig. 6 shows an internal configuration of the packet 
multiplexer 8 according to this embodiment. It should be noted 

20 that the same reference numerals are assigned to the same portions 
as those described above and detailed description thereof is 
omitted herein. In this figure, reference numeral 33 indicates 
a slave-destined general packet buffer provided to the 
master-side port 11, reference numeral 34 indicates a slave- 

25 destined specific packet buffer provided to the master-side port 



11. Reference numeral 35 indicates a slave-destined buffer 
selection circuit for selecting each slave-destined buffer. 

Operations of the packet multiplexer 8 according to 
Embodiment 4 of the present invention when relaying a packet from 
5 the master device 6 to the slave device 7 are explained here. 
For instance, when a general packet or a specific packet is 
received from the master -side port 11 the transfer path 
terminating circuit 13 in the packet multiplexer 8 checks the 
identification bit in the control area of the packet. 

10 When a result of checking indicates a general packet, then 

this general packet is once stored in the slave-destined general 
packet buffer 33. When a result of checking indicates a specific 
packet, then this specific packet is once stored in the 
slave -destined specific packet buffer 34. Each of the buffer 

15 broadcasts the specific packet via the packet broadcasting bus 
23 to all of the slave-side ports 12 after getting a permission 
from the slave-destined buffer selection circuit 35. 

Operations of the slave- destined buffer selection circuit 
35 are explained here. For instance, when a specific packet is 

20 not stored in the slave-destined specific packet buffer 34, and 
if a general packet is stored in the slave -destined general packet 
buffer 33, then the slave-destined buffer selection circuit 35 
allows output thereof. It should be noted that, even if a packet 
as a whole has not been stored in the buffer, when a header of 

25 the packet is stored, it is regarded that the entire packet has 



been stored there. 

On the other hand, when a header of a specific packet is 
stored in the slave-destined packet buffer 34, then the 
slave-destined buffer selection circuit 35 inhibits output of 
5 the specific packet until the entire packet has been stored in 
the slave -destined specific packet buffer 34, namely for a 
specific period of time required for transmission of one packet 
as a whole. During this specific period of time, if a general 
packet is being outputted from the slave- destined general packet 

10 buffer 33, then output thereof is continued but a new output is 
not allowed. After passage of the specified period of time, the 
slave -destined buffer selection circuit 35 allows output from 
the slave- destined specific packet buffer 34 prior to that form 
the slave -destined general packet buffer 33. 

15 With the procedure described above, in this embodiment, 

a delay time in relay from a point of time when a header of a 
specific packet arrives in the master- side port 11 of the packet 
multiplexer 8 until a point of time when a header of the specific 
packet is outputted from the slave-destined port 12 is always 

20 equal to a sum of a certain constant period of time required for 
transmission of one packet and other constant processing delay 
time (such as a time required for passing through the transfer 
path terminating circuit or the like) . This value matches a delay 
time when the packet multiplexer 8 relays a specific packet in 

25 the reverse direction in, namely from the slave-side port 12 to 

48 



the master-side port 11, with high precision. 

Accordingly, in this embodiment, a delay time in relaying 
a specific packet from the slave device 7 to the master device 
6 matches that in relay thereof in the reverse direction with 
5 high precision, and it is not required to set a difference in 
delay times in relaying a specific packet in two directions, which 
makes management of each slave device simple. 

Further, in this embodiment, if a packet is not stored in 
the slave-destined specific packet buffer 34 of the packet 

10 multiplexer nor in the slave- destined general packet buffer 33 
therein, a delay time in relay from a point of time when a general 
packet arrives in the master- side port 11 of the packet 
multiplexer 8 until a point of time when the general packet is 
outputted from the slave- side port 12 is always equal to a constant 

15 time required for processing, and the delay time can further be 
reduced as compared to that in Embodiment 3 . 

It was assumed above that the general packet and the 
specific packet have a fixed packet length. However, even if 
the general packet or the specific packet has a variable length, 

20 by setting a specified period of time for inhibiting output of 
a specific packet to a time decided by a time required for 
transmission of one packet with the prespecif led maximum length 
under control of a transmission selection circuit the same 
effects as described above can be achieved. 

25 It was assumed above that the master device and the packet 



multiplexer are different devices. However, the same effect as 
that described above can be obtained if the master device and 
the packet multiplexer at the upper level are combined. 

Further, it was assumed above that the general packet and 
the specific packet are different packets. However, by storing 
both the sampling information and the information for sampling 
time matching in one packet and providing a bit for determining 
whether the information for sampling time matching within the 
packet is valid or invalid the same effect as that described above 
can be achieved. 

The configuration of a communication network according to 
the Embodiment 5 is explained with the help of Fig. 1. It should 
be noted that the same reference numerals are assigned to the 
same components as those in Embodiments 1 to 4 described above 
and description thereof is omitted herein. Further, a flow of 
operations for matching the sampling time between the master 
device 6 and each of the slave devices 7 are the same as those 
in Embodiments 1 to 4 excluding that a management packet is 
transacted between the master device 6 and each of the slave 
devices 7 . 

In this embodiment , a general packet and a specific packet 
are transacted between the master device 6 and slave device 7, 
and also a management packet as information for management of 
each device is transacted between the master device 6, the slave 
device 7, and the packet multiplexer 8. It is assumed herein 



that a management packet has the same fixed packet length as those 
of the general packet and the specific packet. Further, the 
management packet can accommodate fluctuation in a delay time 
like the general packet. However, the packet multiplexer 8 
5 terminates the management packet internally without relaying it , 
so that it is necessary to differentiate the management packet 
form the general packet . Accordingly, a control area is provided 
at a head of each of the management packet, the general packet, 
and the specific packet, and an identification bit for each packet 
10 is provided at a head of the control area. 

It is an object of the communication network according to 
the present invention to match a delay time in relaying specific 
packet in the master device to that in the slave device with high 
precision, even if a packet multiplexer sends or receives a 
15 management packet as defined hereinafter. 

Fig. 7 shows an internal configuration of the packet 
multiplexer 8 according to the present invention. It should be 
noted that the same reference numerals are assigned to the same 
components as those described above and detailed description 
20 thereof is omitted herein . In this figure , the reference numeral 
36 indicates a management packet transreceiving circuit. 

Operations of the packet multiplexer 8 are explained here. 
For instance, when any of a general packet, a specific packet, 
and a management packet is received from each of the slave -side 
25 ports 12, the transfer path terminating circuit 13 in the packet 



multiplexer 8 refers to the identification bit in the control 
area of the packet . When a result of checking indicates a general 
packet, then this general packet is once stored in the 
master-destined general packet buffer 21 provided to the 
5 slave-side port 12. When a result of checking indicates a 
specific packet, then this specific packet is once stored in the 
master- destined specific packet buffer 22. When a result of 
checking indicates a management packet , then this management 
packet is inputted as it is into the management packet 

10 transreceiving circuit 36. 

When the master-destined general packet buffer 21, the 
master -destined specific packet buffer 22, and the management 
packet transreceiving circuit 36 send a packet to the master- side 
port 11 respectively, in the packet multiplexer 8, at first 

15 permission is obtained from the master-destined buffer circuit 
25, and then the packet is transmitted from the master- side port 
via the packet multiplexing bus 24. 

Operations of the master-destined buffer selection circuit 
25 are the same as those of the buffer selection circuits described 

20 in any of Embodiments 1 to 4. Output from the master-destined 
specific packet buffer 22 is inhibited for a specified period 
of time required for transmission of one packet, and also new 
output from the master- destined general packet buffer 21 as well 
as from the management packet transreceiving circuit 36 is 

25 inhibited. Further, after passage of the specified period of 



time, output from the master- destined specific packet buffer 22 
is allowed. When a general packet or a specific packet or a 
management packet is received, the case is the same as the one 
when a packet is received from the slave-side port 12. 
5 When the slave -destined general packet buffer 33, the 

slave-destined specific packet buffer 34, and the management 
packet transreceiving circuit 36 send a packet to the slave- 
side port 12 respectively, a permission is obtained from the 
slave -destined buffer selection circuit 35 in the packet 
10 multiplexer 8 and then the packet is broadcast to all of the 
slave -side ports 12 via the packet broadcasting bus 23. 

The operations of the slave-destined buffer selection 
circuit are the same as those in the buffer selection circuits 
described in any of Embodiments 1 to 4. Output from the 
15 slave -destined specific packet buffer 34 is inhibited for a 
specified period of time required for transmission of one packet 
as a whole , and a new output from the slave -destined general packet 
buffer 33 and the management packet transreceiving circuit 36 
is inhibited. After passage of the specified period of time, 
20 output from the slave -destined specific packet buffer 34 is 
allowed . 

With the operations as described above, in the present 
embodiments, a delay time in relay from a point of time when a 
header of a specific packet arrives at the slave -side port 12 
25 of the packet multiplexer 8 until a point of time when a header 



of the specific packet is outputted from the master- side port 
11 is always equal to a sum of a constant period of time required 
for transmission of one packet as a whole and other constant 
processing delay time (such as a time required for passing through 
the transfer path terminating circuit or the like) regardless 
of how a general packet is being relayed or a management packet 
is being transmitted, so that fluctuation of a delay time due 
to queuing never occurs. Accordingly, there occurs no 
fluctuation of a delay time in relaying a specific packet from 
the slave device 7 to the master device 6 due to queuing. 

A delay time in the packet multiplexer 8 in relaying a 
specific packet in the reverse direction, fluctuation of a delay 
time in relay, and fluctuation of a delay time in transferring 
a specific packet from the master device 6 to the slave device 

7 are the same as those in Embodiments 1 to 4 described above. 
Accordingly, in this embodiment, also when the packet multiplexer 

8 sends or receives a management packet, a delay time in 
transferring a specific packet in the slave device can be matched 
to that in the master device with high precision, and precision 
of sampling time in the master device and slave device can be 
improved. 

It was assumed above that the general packet, the specific 
packet and the management packet have a fixed packet length. 
However, even when the general packet, the specific packet have 
a variable length, by setting a specified period of time for 



inhibiting transmission of the specific packet to a time decided 
by a time required for transmission of one packet with the 
previously specified maximum length under control of a 
transmission selection, the same effect as that described above 
can be obtained. 

It was assumed above that the master device and the packet 
multiplexer are different devices. However, the same effect as 
that described above can be obtained if the master device and 
the packet multiplexer at the upper level are combined. 

Further, it was assumed above that the general packet and 
the specific packet are different packets. However, by storing 
both the sampling information and the information for sampling 
time matching in one packet and providing a bit for determining 
whether the information for sampling time matching within the 
packet is valid or invalid the same effect as that described above 
can be achieved. 

Fig. 8 shows a configuration of a communication network 
according to Embodiment 6 of the present invention. It should 
be noted that the same reference numerals are assigned to the 
same components as those in Embodiments 1 to 5 and detailed 
description thereof is omitted herein . In this figure , reference 
numeral 41 indicates a second packet multiplexer. As shown in 
Fig . 8 , in the communication network according to this embodiment , 
one or more units of packet multiplexers are provided according 
to the necessity with the second packet multiplexer 41 provided 



at the vertex to form a small-scale communication network in which 
a plurality of slave devices 7 are connected to each other in 
a tree-like form. Further, a plurality of second packet 
multiplexers 41 in the small-scale communication network are 
5 connected via one or a plurality of packet multiplexers 41 
according to the necessity with the master device 6 provided at 
the vertex. 

In Embodiment 6 of the present invention, type of packet 
to be treated, a flow of operations for sampling time matching 
10 in the master device 6 and in each of the slave devices 7, 
operations for transreceiving in the master device 6 as well as 
in each of the slave devices 7, and operations of the packet 
multiplexer 8 are the same as those described in any of Embodiments 
1 to 5. 

15 It is an object of the communication network according to 

this embodiment to improve precision of sampling time in each 
slave device even when a large number of slave devices are 
provided . 

Functions of the second packet multiplexer 41 are explained 
20 here. In the communication network according to Embodiments 1 
to 5 described above, the master device 6 polls each of the slave 
devices 7 according to a round-robin, and sampling time matching 
is executed between the master device 6 and the polled slave device 
7 like that in the communication network based on the conventional 
25 technology. 



Each of the slave devices 7 regenerates the sampling time 
according to the local operation clock until polling is executed 
from the master device 6 next time. When the slave device is polled 
next time, the slave device computes a deviation At of sampling 
time generated due to a difference in a frequency clock between 
the master device 6 and the slave device 7 and corrects the local 
sampling time therein. The time interval at which a slave device 
7 is polled by the master device 6 is proportional to a number 
of all slave devices in this communication network. Accordingly, 
when a number of slave devices 7 increases, precision of sampling 
time in each slave devices 7 degrades . 

In order to solve this problem, the second packet 
multiplexer 41 is provided in the communication network according 
to the present invention. This second packet multiplexer 41 has 
a function of sending or receiving a packet without relaying the 
specific packet. Further, the second packet multiplexer 41 
functions as a slave device 7 for sampling time matching to the 
upper level master device 6 , and functions as a master device 
6 for sampling time matching to the lower level slave device 7. 
In other words , structure for sampling time matching is divided 
into two layers with the second packet multiplexer 41 in between. 

Thus, assuming that a time required for the master device 
6 to complete the sampling time matching by polling one slave 
device 7 is Tp, and if 100 units of slave devices 7 are provided, 
then the polling time interval for one slave device will be Tp 



X 100. 

On the other hand, when 10 units of second packet 
multiplexers 41 are provided and if each of the second packet 
multiplexer 41 accommodates 10 units of slave device 7 therein, 
then the time interval at which the master device 6 polls one 
second packet multiplexer 41 is Tp X io. Further, a time 
interval at which the second packet multiplexer 41 polls any of 
the lower level 10 units of slave device is also Tp X io. 

As described above, a time interval at which the master 
device 6 polls one slave device 7 may be regarded substantially 
as Tp X 20, and precision of sampling time in each slave device 
is improved by about five times as compared to that when the second 
packet multiplexer 41 is not provided. 

Fig. 9 shows an internal configuration of the second packet 
multiplexer 41 according to this embodiment. It should be noted 
that the same reference numerals are assigned to the same 
components as those described above and detailed description 
thereof is omitted herein. 

In Fig. 9, reference numeral 42 indicates a slave-side 
specific packet transreceiving circuit having a function as the 
master device 6 for sampling time matching, and reference numeral 
43 indicates a master- side specific packet transreceiving 
circuit for always reporting sampling time to the slave-side 
specific packet circuit 42. 

Operations of the second packet multiplexer 41 according 
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to the present embodiment are explained here. For instance, when 
a general packet or a specific packet is received from each 
slave-side port 12, the transfer path terminating circuit 13 in 
the second packet multiplexer 41 checks the identification bit 
5 in the control area of the packet . When a result of the checking 
indicates a general packet, then this general packet is once 
stored in the master-destined general packet buffer 21 provided 
to the slave-side port 12. When a result of the checking 
indicates a specific packet, then this specific packet is 
10 inputted into the slave-side specific packet transreceiving 
circuit 42. 

When the master-destined general packet buffer 21 or the 
master-side specific packet transreceiving circuit 43 sends a 
packet to the master-side port 11, then the packet is transmitted 

15 via the packet multiplexer bus 24 from the master- side port 11 
after getting a permission from the master- destined buffer 
selection circuit 25 in the second packet multiplexer 41. 

The operations of the master- destined buffer selection 
circuit 25 are the same as those of the buffer selection circuit 

20 explained in any of Embodiments 1 to 5. Output from the 
master- side specific packet transreceiving circuit 43 is 
inhibited for a constant specified period of time, and a new input 
from the master-destined general packet buffer 21 is inhibited. 
After passage of the specified period of time, output from the 

25 master-side specific packet transreceiving circuit 43 is allowed. 
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When a general packet or a specific packet is received from the 
master-side port 11, the same operations as those when a packet 
is received from the slave- side port 12 are executed. 

When the slave -destined general packet buffer 33 or 
slave-side specific packet transreceiving circuit 42 send a 
packet to the slave-side port 12, the packet is broadcast via 
the packet broadcasting bus 23 to all of the slave-side ports 
12 after getting a permission from the slave-destined buffer 
selection circuit 35 in the second packet multiplexer 41. 

The operations of the slave -destined buffer selection 
circuit 35 are also the same as those of the buffer selection 
circuits explained in any of Embodiments 1 to 6 . Output from 
the slave -side specific packet transreceiving circuit 42 is 
inhibited for a specified period of time required for 
transmission of one packet, and a new output is inhibited from 
the slave-destined general packet buffer 33. Output from the 
slave- side specific packet transreceiving circuit 42 is allowed 
after passage of the specified period of time. 

With the procedure as described above, in this embodiment, 
a delay time in an operating sequence from a point of time when 
the master- side specific packet transreceiving circuit 43 or 
slave-side specific packet transreceiving circuit 42 requests 
transmission until a point of time when a header of a specific 
packet is outputted from the master-side port 11 or slave-side 
port 12 is always equal to a sum of a constant period of time 



and other constant processing delay time (such as a time required 
for passing through the transfer path terminating circuit or the 
like) regardless of how a general packet is being relayed, so 
that fluctuation in a delay time due to queuing does not occur. 
5 Further, there occurs no fluctuation in a delay time in 
transferring a packet between the master device 6 and the second 
packet multiplexer 41, nor between the second packet multiplexer 
41 and each of the slave devices 7 due to queuing. 

Accordingly, in this embodiment, a delay time in 

10 transferring a specific packet in the master device 6 can be 
matched to that in the second packet multiplexer 41 with high 
precision . Further, a delay time in transfer in the second packet 
multiplexer 41 can be matched to that in the slave device 7 with 
precision of sampling time in each slave device improved even 

15 when the number of slave devices is large. 

It was assumed above that the general packet and the 
specific packet have a fixed packet length. However, even if 
the general packet or the specific packet has a variable length, 
by setting a specified period of time for inhibiting output of 

20 a specific packet to a time decided by a time required for 
transmission of one packet with the prespecif ied maximum length 
under control of a transmission selection circuit the same 
effects as described above can be achieved. 

It was assumed above that the master device and the packet 

25 multiplexer are different devices. However, the same effect as 



that described above can be obtained if the master device and 
the packet multiplexer at the upper level are combined. 

Further, it was assumed above that the general packet and 
the specific packet are different packets. However, by storing 
both the sampling information and the information for sampling 
time matching in one packet and providing a bit for determining 
whether the information for sampling time matching within the 
packet is valid or invalid the same effect as that described above 
can be achieved. 

Fig. 10 shows a configuration of a communication network 
according to Embodiment 7. It should be noted that the same 
reference numerals are assigned to the same components as those 
described in Embodiment 1 to 6 and detailed description thereof 
is omitted herein. In this figure, reference numeral 44 
indicates a second master device for transacting only a general 
packet, and reference numeral 45 indicates a third packet 
multiplexer for connecting one unit of second master device 44 
thereto . 

As shown in Fig. 10, in the communication network according 
to this embodiment, at first a small-scale communication network 
is constructed in which a plurality of slave devices 7 are 
connected to each other in a tree form via one unit of third packet 
multiplexer 45 and one or more, any according to the necessity, 
of packet multiplexers 8 with the second master device 44 provided 
at the vertex. Further, a plurality of third packet multiplexers 



45 in the small-scale communication network are connected to one 
or more, again according to the necessity, of packet multiplexers 
8. 

The second master device 44 collects a general packet, 
5 namely sampling information from all of the lower level slave 
devices 7 . The master device 6 selects and thereby collects some 
of the sampling information transmitted from the slave devices 
7 in the small-scale communication network. Also the master 
device 6 executes time matching for all of the slave devices 7 . 
10 The second master device 44 does not execute time matching . Thus , 
sampling time in all of the slave devices 7 in the communication 
network is matched. 

In this embodiment, types of packet to be treated, a flow 
of operations for time matching between the master device 6 and 
15 each slave device 7, operations for transaction between the 
master device 6 and each of the slave devices 7, and operations 
of the packet multiplexer 8 are the same as those in Embodiments 
1 to 6. 

The communication network configuration as shown in Fig. 
20 10 is applied to a case where, for instance, most of sampling 
information in slave devices in a small-scale communication 
network is effective only in the lower level second master device 
44 but some of the information is effective in the master device 
that controls the entire communication network and exist in each 
25 small-scale communication network. 
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The third packet multiplexer 45 has a function of checking 
the sampling information transmitted from one slave device 7, 
namely information for destination stored in the control area 
of the general packet, then determining whether the information 
is transferred to the master device 6 or to the second master 
device 44, or to both of the master devices 6 and 44, and relaying 
the information to the corresponding port. 

It is an object of the communication network according to 
this embodiment is to match a transfer delay time in a master 
device for time matching and that in each slave device with high 
precision even when there are a plurality of master devices each 
for collecting the sampling information from the slave devices. 

Fig. 11 shows an internal configuration of the third packet 
multiplexer 45 according to this embodiment. It should be noted 
that the same reference numerals are assigned to the same 
components as those described above and detailed description 
thereof is omitted herein. In this figure, reference numeral 
46 indicates a second master-side port, reference numeral 47 
indicates a master- destined packet multiplexing bus used for 
relay to the second master-side port 46. Reference numeral 48 
indicates a second master-destined packet buffer selection 
circuit, reference numeral 49 indicates a second master-side 
master-destined general packet buffer provided to the second 
master-side port 46, reference numeral 50 indicates a second 
master-side slave -destined general packet buffer provided to the 



second master-side port 46. Reference numeral 51 indicates a 
master-side second master-destined general packet buffer 
provided to the master-side port 11 , and reference numeral 52 
indicates a slave-side second master-destined general packet 
buffer provided to each slave-side port 12. 

Operations of the third packet multiplexer 45 according 
to this embodiment are explained here. For instance, when a 
general packet or a specific packet is received from each of the 
slave-side port 12, the transfer path terminating circuit 13 in 
the third packet multiplexer 45 checks the identification bit 
in the control area of the packet and information on destination. 

When a result of the checking indicates a master-destined 
general packet, then this general packet is once stored in the 
master- destined general packet buffer 21 provided to the 
slave-side port 12. When a result of the checking indicates a 
general packet destined to the second master device, then this 
general packet is once stored in the slave- side second general 
packet buffer 52 provided to the slave-side port 12. When a 
result of the checking indicates a specific packet, then this 
specific packet is once stored in the master- destined specific 
packet buffer 22 provided for all of the slave-side ports 12. 
When a general packet or a specific packet is received from the 
master-side port 11 or the second master-side port 46, the packet 
is once stored in the buffers provided to each receiving port 
as described above. 



When a packet is transmitted from the master- side port, 
each of the master-destined general packet buffer 21, the 
master- destined specific packet buffer 22, and the second 
master-side master-destined general packet buffer 49 gets 
permission from the master -destined packet buffer selection 
circuit 25, and then transmits the packet via the packet 
multiplexing bus 24 to the master-side port 11. It should be 
noted that operations of the master-destined packet buffer 
selection circuit 25 are the same as those of the buffer selection 
circuits described in any of Embodiments 1 to 6 . Output from 
the master- destined specific packet buffer 22 is inhibited for 
a specified period of time required for transmission of one packet 
and a new output from other buffers is inhibited • After passage 
of the specified period of time, output from the master-destined 
specific packet buffer 22 is allowed. 

When broadcasting a packet from all of the slave -side ports 
12, the slave-destined general packet buffer 33, the slave- 
destined specific packet buffer 34, and the second master-side 
slave-destined general packet buffer 50 get permission from the 
slave -destined packet buffer selection circuit 35, and then 
broadcast the packet via the packet broadcasting bus 23 to all 
of the slave-side port 12. Operations of the slave- destined 
packet selection circuit 35 are the same as those of the buffer 
selection circuit described in any of Embodiment 1 to 6. Output 
from the slave- destined specific packet buffer 34 is inhibited 



for a specified period of time required for transmission of one 
packet, new output from other buffer is inhibited, and after 
passage of the specified period of time, output from the 
slave-destined specific packet buffer 34 is allowed. 

When transmitting a packet from the second master- side port 
46, the master-side second master-destined general packet buffer 

51 and slave-side second master-destined general packet buffer 

52 get permission from the second master- destined packet buffer 
selection circuit 48 respectively, and then transmit the packet 
via the second master-destined packet multiplexing bus 47 from 
the second master-side port 46. The second master- destined 
packet buffer selection circuit 48 selects one of the buffers 
each with a general packet, stored therein according to a 
round- robin and allows output therefrom. 

With the procedure as described above, in this embodiment, 
a relay time required for the third packet multiplexer 45 to relay 
a specific packet between the master-side port 11 and slave- 
side port 12 is always equal to a sum of a specified period of 
time required for transmission of one packet and other constant 
processing delay time (such as a time for passing the transfer 
path terminating circuit or the like) regardless of how a general 
packet is being relayed, so that fluctuation in a delay time due 
to queuing does not occur. In addition, a delay time in 
transferring a specific packet in the master device 6 and that 
in the slave device 7 can be matched to each other with high 



precision. Accordingly, in this embodiment, even when a 
plurality of second master devices 44 each for collecting 
sampling information from the slave devices 7 are provided, 
precision of sampling time in the master device 6 and that in 
5 each slave device 7 can be improved. 

It was assumed above that the general packet and the 
specific packet have a fixed packet length. However, even if 
the general packet or the specific packet has a variable length , 
by setting a specified period of time for inhibiting output of 

10 a specific packet to a time decided by a time required for 
transmission of one packet with the prespecif led maximum length 
under control of a transmission selection circuit the same 
effects as described above can be achieved. 

It was assumed above that the master device and the packet 

15 multiplexer are different devices. However, the same effect as 
that described above can be obtained if the master device and 
the packet multiplexer at the upper level are combined. 

Further, it was assumed above that the general packet and 
the specific packet are different packets. However, by storing 

20 both the sampling information and the information for sampling 
time matching in one packet and providing a bit for determining 
whether the information for sampling time matching within the 
packet is valid or invalid the same effect as that described above 
can be achieved. 

25 No comment is made for a management packet in the above 
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description. However, by providing a management packet 
transreceiving circuit similar to that in Embodiment 5 in the 
third packet multiplexer, the same effects as those described 
above can be achieved in addition to the effects achieved in 
Embodiment 5 . 

Further, a specific packet transreceiving circuit is not 
provided in the third packet multiplexer, the same effects as 
those described above can be achieved in addition to the effects 
achieved in Embodiment 6 by providing a master- side specific 
packet transreceiving circuit and a slave- side specific packet 
transreceiving circuit similar to those in Embodiment 6 . 

Fig. 12 shows a configuration of the communication network 
according to Embodiment 8 of the present invention. It should 
be noted that the same reference numerals are assigned to 
components as those in Embodiments 1, 2, 3, 4, 5, 6 and 7 and 
description thereof is not made herein. In this figure, 
reference numeral 53 indicates a packet switch for exchanging 
only the general packets, reference numeral 54 indicates a third 
master device for transreceiving only the specific packets, and 
reference numeral 55 indicates a fourth packet multiplexer 
connected to the packet switch. 

As shown in Fig. 12, in the communication network according 
to this embodiment, at first a small-scale network is constructed 
in which a plurality of slave devices 7 are connected to each 
other in a tree -form via one unit of third packet multiplexer 



45 and one or more, according to the necessity, of packet 
multiplexers 8 with the second master device 44 at the vertex. 
Further, a plurality of third packet multiplexers 45 in the 
small-scale communication network are connected to each other 
via one or more fourth packet multiplexers 55 as well as via one 
or more, again according to the necessity, of packet multiplexers 
8 with the third master device 54 provided at the vertex. At 
the same time, a plurality of fourth packet multiplexers 55 are 
connected via one or more, according to the necessity, of packet 
multiplexers 8 to each other with the packet switch 53 provided 
at the vertex. 

The second master device 44 collects a general packet, 
namely sampling information from all of the slave devices 7 in 
the local small-scale communication network. Further, the 
second master device 44 selectively collects sampling 
information from some of the slave devices 7 outside the local 
small-scale communication network. The packet switch 53 and 
third packet multiplexer 45 check information on destination 
recorded in the control area of the packet and relays the packets 
through a port corresponding to the destination. The third 
master device 54 executes time matching for all of the slave 
devices 7. The second master device 44 does not execute time 
matching. Thus, sampling time in all of the slave devices 7 in 
the communication network can be matched. 

In Embodiment 8, types of packet to be treated, a flow of 
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operations for sampling time matching between the third master 
device 54 and each of the slave devices 7, operations for data 
transaction between the third master device 54, second master 
device 44 , and each slave devices 7, and operations of the packet 
5 multiplexer 8 and third packet multiplexer 45 are the same as 
those in Embodiment 7 . 

In the communication network as shown in Fig, 12, for 
instance, most of sampling information in a slave device in a 
small-scale communication network is effective only in the upper 

10 level second master device 44, and only some of the information 
is applied when the information is effective in the second master 
device 44 in the small-scale communication network. 

In order to realize the configuration as described above, 
the fourth packet multiplexer 55 has a function of classifying 

15 the packets received from the slave device 7 to general packets 
or specific packets, relaying the general packet to the packet 
switch 53 and the specific packet to the third master device 54 
or in the reverse directions. 

In the communication network according to this embodiment , 

20 a plurality of small-scale communication networks each 
comprising a master device and a plurality of slave devices are 
provided, and even when each master device collects sampling 
information from a slave device in the local small-scale network 
as well as from a slave device outside the local small-scale 

25 network, a delay time in transferring a specific packet in the 



master device for time matching and that in each slave device 
can be matched to each other with high precision. 

Fig. 13 shows an internal configuration of the fourth 
packet multiplexer 55 according to this embodiment. It should 
be noted that the same reference numerals are assigned to the 
same components as those described above and detailed description 
thereof is omitted herein. In this figure, reference numeral 
56 indicates a switch-side port, reference numeral 57 indicates 
a switch- destined general packet buffer provided to each 
slave-side port 12, reference numeral 58 indicates a slave- 
destined general packet buffer provided to the switch- side port 
56. Reference numeral 59 indicates a switch-destined buffer 
selection circuit, and reference numeral 60 indicates a 
master- destined buffer control circuit. 

Operations of the fourth packet multiplexer 55 according 
to this embodiment are explained here. Operations of the 
transfer path terminating circuit 13 and each buffer, for 
instance, when a general packet or a specific packet is received 
from each port are the same as those in Embodiment 7. 

When transmitting a packet from the master-side port 11, 
the master- destined specific packet buffer 22 gets permission 
from the master-destined packet buffer control circuit 60 and 
transmits the packet from the master-side port 11. The 
master-destined packet buffer control circuit 60 inhibits output 
from the master-destined specific packet buffer 22 for a 



specified period of time required for transmission of one packet, 
and allows output therefrom after passage of the specified period 
of time. 

When broadcasting a packet from all of the slave -side ports 
5 12, the slave -destined specific packet buffer 34 and slave- 
destined general packet buffer 58 get permission from the 
slave-destined packet buffer selection circuit 35, and then 
broadcast the packet through the packet broadcasting bus 23 to 
all of the slave-side ports 12. The slave-destined buffer 

10 selection circuit 35 inhibits output from the slave-destined 
specific packet buffer 34 for a specified period of time required 
for transmission of one packet and also inhibits new output from 
the slave-destined general packet buffer 58, and then allows 
output from the slave -destined specific packet buffer 34 after 

15 passage of the specified period of time. 

When transmitting a packet from the switch-side port 56, 
each switch-destined general packet buffer 57 gets permission 
from the switch-destined packet buffer selection circuit 59, and 
then transmits the packet from the switch- side port 56 via the 

20 packet multiplexer 24. It should be noted that the switch- 
destined packet buffer selection circuit 59 selects one of the 
switch-destined general packet buffer 57 with general packets 
stored therein according to a round-robin and allows output 
therefrom. 

25 With the procedure described above, a time required for 



the fourth packet multiplexer 55 to relay a specific packet 
between the master-side port 11 and slave-side port 12 is always 
equal to a sum of a specified constant period of time required 
for transmission of one packet and other constant processing 
delay time (such as a time required for passing through the 
transfer path terminating circuit or the like) regardless of how 
a general packet is being relayed, so that fluctuation in a delay 
time due to queuing does not occur. Further, a delay time in 
transferring a specific packet in the third master device 54 and 
that in the slave device 7 can be matched to each other with high 
precision. 

Accordingly, in this embodiment, even when there are 
provided a plurality of small-scale communication network each 
comprising the second master device 44 and a plurality of slave 
devices 7 and each of the second master devices 44 collects 
sampling information from the slave devices in the local small 
scale network as well as from those outside the small-scale 
network, precision of sampling time in the third master device 
54 and that in each of the slave devices 7 can be improved. 

It was assumed above that the general packet and the 
specific packet have a fixed packet length. However, even if 
the general packet or the specific packet has a variable length, 
by setting a specified period of time for inhibiting output of 
a specific packet to a time decided by a time required for 
transmission of one packet with the prespecif led maximum length 



under control of a transmission selection circuit the same 
effects as described above can be achieved. 

It was assumed above that the master device and the packet 
multiplexer are different devices. However, the same effect as 
5 that described above can be obtained if the master device and 
the packet multiplexer at the upper level are combined. 

Further, it was assumed above that the general packet and 
the specific packet are different packets. However, by storing 
both the sampling information and the information for sampling 
10 time matching in one packet and providing a bit for determining 
whether the information for sampling time matching within the 
packet is valid or invalid the same effect as that described above 
can be achieved. 

No comment is made for a management packet in the above 
15 description. However, by providing a management packet 
transreceiving circuit similar to that in Embodiment 5 in the 
fourth packet multiplexer, the same effects as those described 
above can be achieved in addition to the effects achieved in 
Embodiment 5. 

20 Further, a specific packet transreceiving circuit is not 

provided in the fourth packet multiplexer, the same effects as 
those described above can be achieved in addition to the effects 
achieved in Embodiment 6 by providing a master- side specific 
packet transreceiving circuit and a slave- side specific packet 

25 transreceiving circuit similar to those in Embodiment 6. 
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Further, a second master- side port is not provided in the 
fourth packet multiplexer, the same effects as those described 
above can be achieved in addition to the effects achieved in 
Embodiment 7 by providing a second master- destined receiving 
5 buffer selection circuit or the like similar to the one in 
Embodiment 7 . 

Fig. 14 shows a configuration of the communication network 
according to Embodiment 9 of the present invention. It should 
be noted that the same reference numerals are assigned to the 

10 same components as those described above and detailed description 
thereof is omitted herein. As shown in this figure, in the 
communication network according to this embodiment, the packet 
switch 53 according to Embodiment 8 shown in Fig, 12 and packet 
multiplexer 8 connected to the third master device 54 are combined 

15 into a packet switch 61. 

Types of packets to be treated and operations of the devices 
other than the packet switch 53 are the same as those in Embodiment 
8. The packet switch 61 according to the present invention has 
functions of the packet switch 53 and the packet multiplexer 8 

20 connected to the third master device 54 in Embodiment 8 as Shown 
in Fig. 12. 

In the communication network according to this embodiment , 
like in Embodiment 8, a plurality of small-scale communication 
networks each comprising a master device and a plurality of slave 
25 devices are provided, and even when each master device collects 
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sampling information from a slave device in the local small- 
scale network as well as from a slave device outside the local 
small-scale network, a delay time in transferring a specific 
packet in the master device for time setting and that in each 
slave device are matched to each other with high precision. 

Fig. 15 shows an internal configuration of the packet 
switch 61 according to this embodiment. It should be noted that 
the same reference numerals are assigned to the same components 
as those described above and detailed description thereof is 
omitted herein. In this figure, the reference numeral 62 
indicates a packet switch circuit. 

Operations of the packet switch 61 according to this 
embodiment are explained here . Operations of the transfer path 
terminating circuit 13 and each buffer, for instance, when a 
general packet or a specific packet is received from each port 
are the same as those in Embodiment 8. Further, the operations 
are the same as those of the fourth packet multiplexer 55 in 
Embodiment 8 when transmitting a packet from the master- side port 
11. 

When a packet is transmitted from each slave-side port 12, 
the second master-destined general packet buffer 52 and 
slave-destined specific packet buffer 34 get permission from the 
second- destined packet buffer selection circuit 48, and 
transmits, when a packet to be transmitted is a general packet, 
the packet from the slave- side port 12 corresponding to the 



destination via the packet switch circuit 62, and broadcast, when 
the packet to be transmitted is a specific packet, the packet 
from all of the slave -side ports 12. 

The packet switch circuit 62 checks information on 
destination recorded in the control area at the header of each 
second master-destined general packet buffer 52 and relays the 
packet to the slave -side port 12 corresponding to the destination, 
and also checks the identification information recorded in a 
control area of the specific packet in the slave-destined special 
packet buffer 34, and relays the specific packet to all of the 
slave-side ports 12. 

The second master-destined packet buffer selection circuit 
48 inhibits output from the slave -destined specific packet buffer 
34 for a specified period of time required for transmission of 
one packet and also inhibits new output from the second 
master- destined general packet buffer 52, and allows output from 
the slave-destined packet buffer 34 after passage of the 
specified period of time. 

With the procedure described above, a delay time when the 
packet switch 53 relays a specific packet between the master- side 
port 11 and slave-side port 12 is always equal to a sum of a 
specific constant period of time required for transmission of 
one packet and other constant processing delay time (such as a 
time required for passing through the transfer path terminating 
circuit or the like) regardless of how a general packet is being 
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relayed, so that fluctuation in a delay time due to queuing does 
not occur. Further, a delay time in transferring a specific 
packet in the third master device 54 and that in the slave device 
7 are matched to each other with high precision. 

Accordingly, in this embodiment, like in Embodiment 8, even 
when each second master device 44 collects sampling information 
from the slave devices 7 in the local small-scale network as well 
as from the slave devices 7 outside the local small-scale network, 
precision of sampling time in the third master device 54 and that 
in each slave device 7 can be improved. Further in the 
communication network according to this embodiment, number of 
devices and a number of transfer paths can be reduced as compared 
to those in the communication network according to Embodiment 
8. 

It was assumed above that the general packet and the 
specific packet have a fixed packet length. However, even if 
the general packet or the specific packet has a variable length, 
by setting a specified period of time for inhibiting output of 
a specific packet to a time decided by a time required for 
transmission of one packet with the prespecif led maximum length 
under control of a transmission selection circuit the same 
effects as described above can be achieved. 

It was assumed above that the master device and the packet 
multiplexer are different devices. However, the same effect as 
that described above can be obtained if the master device and 



the packet multiplexer at the upper level are combined. 

Further, it was assumed above that the general packet and 
the specific packet aire different packets. However, by storing 
both the sampling information and the information for sampling 
time matching in one packet and providing a bit for determining 
whether the information for sampling time matching within the 
packet is valid or invalid the same effect as that described above 
can be achieved. 

No comment is made for a management packet in the above 
description. However, by providing a management packet 
transreceiving circuit similar to that in Embodiment 5 in the 
packet switch, the same effects as those described above can be 
achieved in addition to the effects achieved in Embodiment 5. 

With the present invention, the master device executes 
polling for each of the slave devices via the multiplexer, and 
each of the slave devices transmits specific information for 
starting to the master device according to a polling order and 
adjusts sampling time by executing a prespecified operation 
according to specified information for returning returned from 
the master device. Because of this configuration, there is 
provided the advantage that fluctuation in a delay in 
transferring a specific information from the slave device to the 
master device due to queuing can be eliminated. 

With the present invention, general information can be 
transmitted at each sampling time, and because of this feature 
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there is provided the advantage that data communications between 
devices can be realized. 

With the present invention, under control by the 
master-destined information selecting unit, any one of the 
5 master-destined general information receiving unit and 
master- destined specific information is selected, and output 
therefrom to the master device is allowed according to a 
prespecified method. Because of this feature, there is provided 
the advantage that fluctuation in a transfer delay time due to 

10 a time required for packet transfer between a slave device to 
a master device can be eliminated. 

With the present invention, a delay time in relay from a 
point of time when a header of specific information arrives at 
a slave- side port in the multiplexer under a point of time when 

15 the deader of the specific information is outputted from the 
master- side port is always equal to a sum of a specific constant 
time and other constant processing delay time (such as a time 
for passing through a transfer path terminating circuit or the 
like), and there occurs no fluctuation in a delay time in relay 

20 due to queuing. With this feature, there is provided the 
advantage that fluctuation of a delay time in transferring 
specific information from the slave device to the master device 
due to queuing can be eliminated. 

With the present invention, the transmission selecting 

25 unit selects either one of the general information transreceiving 



unit and a specific information transreceiving unit, and allows 
output therefrom, and because of this configuration, there is 
provided the advantage that controls can be provided so that 
fluctuation in a time required for transmission from the local 
5 sampling time until transmission of specific information can be 
eliminated in both the master device and slave devices. 

With the present invention, a delay time in processing from 
a point of time when the specific information transreceiving unit 
requests transmission until a point of time when a header of the 

10 specific information is outputted is always equal to a certain 
constant period of time and other constant processing time (such 
as a time required for passing through the transfer path 
terminating circuit or the like) regardless of how general 
information is being relayed, and there occurs no fluctuation 

15 in a delay time. Also the processing delay time is identical 
in both the master device and each slave device. With this 
feature, there is provided the advantage that precision of 
sampling time in the master device and in each slave device can 
further be improved. 

20 With the present invention, when general information or 

specific information is received from a master-side port, the 
general information or the specific information is accumulated 
after input thereof into the slave-destined information 
receiving unit is started for a specified period of time decided 

25 by a time required for transmission of specific information, and 
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the accumulated information is outputted from the slave-destined 
information receiving unit is outputted after passage of the 
specified period of time. With this feature, in the 
communication network, there is provided the advantage that a 
5 delay time in transferring specific information in the master 
device and that in the slave device can be matched to each other 
with high precision. 

With the present invention, when specific information has 
not been received from the master- side port, output from the 

10 slave-destined general information receiving unit is allowed, 
and when specific information has been received from the 
master- side port, output of the specific information in inhibited 
for a specified period of time decided by a time required for 
transmission of the specific information after input thereof into 

15 the slave-destined specific information receiving unit is 
started, and further new output from the slave- destined general 
information receiving unit is inhibited for a specified period 
of time, and after passage of the specified period of time, output 
from the slave-destined specific information receiving unit is 

20 allowed. With this feature, in the communication network 
according to the present invention, there is provided the 
advantage that a delay time in transfer in the master device can 
be matched to that in the slave device with high precision, and 
further a delay time in transferring general information from 

25 the master device to the slave device can be reduced. 



With the present invention, when the master -destined 
information selecting unit has received specific information 
from any of the slave-side ports, new output from the management 
information transreceiving unit is inhibited for a specified 
5 period of time, and output from the master-destined specific 
information receiving unit is allowed after passage of the 
specified period of time , and when the slave -destined information 
selecting unit has received specific information from the 
master- side port, new output from the management information 

10 transreceiving unit is inhibited for a specified period of time, 
and output from the slave-destined specific information 
receiving unit is allowed after passage of the specified period 
of time. With this feature, in this communication network, there 
is provided the advantages that , even when the packet multiplexer 

15 sends or receives management information, a delay time in 
transferring specific information in the master device and that 
in the slave device can be matched to each other with high 
precision . 

With the present invention, each of the second multiplexers 
20 does not relay specific information and functions as a slave 
device with respect to a master device at a higher level and as 
a master device with respect to each of the devices at a lower 
level, and thus sampling time is adjusted to the upper device 
and lower device in two stages. With this feature, in this 
25 communication network, there is provided the advantage that, even 



when a number of slave devices increases, precision of sampling 
time in each slave device can be improved. 

With the present invention, under controls by the 
master- destined information selecting unit and slave- destined 
5 information selecting unit, general information and specific 
information are selected, and output thereof to each device is 
allowed according to a prespecified method. With this feature, 
there is provided the advantage that specific information can 
be outputted at constant timing, and fluctuation of a delay time 

10 in transfer due to queuing between the slave device and master 
device can be eliminated. 

With the present invention, a delay time in processing from 
a point of time when the master- side specific information 
transreceiving unit or slave- side specific information 

15 transreceiving unit requests transmission until a point of time 
when a header of the specific information is outputted from the 
master- side port or slave- side port is always equal to a stun of 
a certain specified period of time and other constant processing 
delay time (such as a time required for passing through the 

20 transfer path terminating circuit or the like) regardless of how 
general information is being relayed, and there occurs no 
fluctuation in a delay time due to queuing. Also there occurs 
no fluctuation in a delay time in transferring specific 
information due to a time required for queuing in the master device 

25 nor in the second multiplexer, and further there occurs no 



fluctuation in a delay time in transfer between the second 
multiplexer and slave device. Because of this feature, there 
is provided the advantage that, in the communication network 
according to the present invention, a transfer delay time in the 
5 master device can be matched to that in the second multiplexer 
with high precision and further a transfer delay time in the second 
multiplexer can be matched to that in the slave device with high 
precision with precision of sampling timing in each slave further 
improved even if a number of slave devices in the communication 

10 network increases. 

With the present invention, the master device specifies 
each of the slave devices via a multiplexer and a third multiplexer 
according to a round-robin, and then each of the slave devices 
transmits specific information for starting according to the 

15 specified order and executes a prespecif led operation according 
to specific information for returning returned from the master 
device in response to the specific information for starting for 
adjusting sampling time. With the feature, there is provided 
the advantage that , even if there are a plurality of master devices 

20 each collecting sampling information from the slave device, a 
delay time in transferring specific information in the master 
device for setting sampling time and that in each slave device 
can be matched to each other with high precision. 

With the present invention, general information or 

25 specific information is selected under controls by the 



master-destined information selecting unit , slave-destined 
information selecting unit, and second master- destined 
information selecting unit, and output thereof to each device 
is allowed according to a prespecif led method. With this feature , 
there is provided the advantage that output of specific 
information can be executed at constant timing and fluctuation 
in a transfer delay time due to a time required for queuing in 
a slave device or a master device can be eliminated. 

With the present invention, a time required for relay 
between a master-side port and a slave-side port when relaying 
specific information with a third multiplexer is always equal 
to a sum of a constant period of time and other constant processing 
delay time (such as a time required for passing through the 
transfer terminating circuit or the like) regardless of how 
general information is being relayed, and there occurs no 
fluctuation due to a time required for queuing. Also a delay 
time in transferring a specific packet in the master device can 
be matched to that in the slave device with high precision. With 
this feature, in the communication network according to the 
present invention, there is provided the advantage that, even 
when a plurality of second master devices are provided each for 
collecting sampling information from a slave device, precision 
in sampling time in the master device can be matched to that in 
the slave device with high precision. 

With the present invention, a third master device specifies 
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each of the slave devices via a multiplexer, a fourth multiplexer , 
and a third multiplexer according to a round-robin, and each of 
the slave devices transmits specific information for starting 
according to the specified order and executes a prespecified 
operation according to specific information for returning 
returned from the master device in response to the specific 
information for starting for adjusting sampling time. With this 
feature, in the communication network according to the present 
invention, there is provided the advantage that, even when a 
plurality of small-scale communication network each formed with 
a master device and a plurality of slave devices are provided 
and each master device collects sampling information from a slave 
device within the local small-scale communication network or from 
that outside the local small-scale communication network, a delay 
time in transferring a specific packet in a master device for 
adjusting sampling time can be matched to that in the slave device 
with high precision. 

With the present invention, general information or 
specific information is selected under controls by the 
master-destined information control unit, slave-destined 
information selecting unit, and switch- destined information 
selecting unit, and output thereof to each device is allowed 
according to a prespecified method. With this feature, there 
is provided the advantage that output of specific information 
can be executed at constant timing and fluctuation in a transfer 
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delay time due to a time required for queuing in the slave device 
or in the master device can be eliminated. 

With the present invention, a time required for relay 
between a master-side port and a slave- side port when relaying 
5 specific information with a fourth multiplexer is always equal 
to a sum of a constant period of time and other constant processing 
delay time (such as a time required for passing through the 
transfer terminating circuit or the like) regardless of how 
general information is being relayed, and there occurs no 

10 fluctuation due to a time required for queuing. Also a delay 
time in transferring a specific packet in the master device can 
be matched to that in the slave device with high precision. With 
this feature, in the communication network according to the 
present invention in which a plurality of small scale networks 

15 comprising a second master devices and a plurality of slave 
devices are provided and even when each sampling information is 
collected from the slave devices inside the small scale network 
or from the slave devices outside the small scale network, there 
is provided the advantage that precision in sampling time in the 

20 master device can be matched to that in the slave device with 
high precision. 

With the present invention, a third master device specifies 
each slave device via a switch, a multiplexer, and a multiplexer 
according to a round-robin, and then each slave device transmits 

25 specific information for starting according to the specified 



order and executes a prespecif ied operation according to specific 
information for returning returned from the master device in 
response to the specific information for starting for adjusting 
sampling time. With this feature, in the communication network 
5 according to the present invention in which there are provided 
a plurality of small-scale communication network each formed with 
a master device and a plurality of slave devices and even when 
each master device collects sampling information from a slave 
device within the local small-scale communication network or that 
10 outside the local small-scale communication network, there is 
provided the advantage that a delay time in transferring a 
specific packet in the master device for setting sampling time 
and that in each slave device can be matched to each other with 
high precision. 

15 With the present invention, general information or 

specific information is selected under control by the 
master-destined information selecting unit, second master- 
destined information selecting unit, and switch, and output 
thereof to each device is allowed according to a prespecified 

20 method. With this feature, output of specific information can 
be executed at constant timing, and there is provided the 
advantage that fluctuation in a transfer delay time due to a time 
required for queuing in the slave device and in the master device 
can be eliminated. 

25 With the present invention, a relay time between a 



master-side port and a slave-side port when a switch relays 
specific information is always equal to a sum of a certain constant 
period of time and other constant processing delay time (such 
as a time required for passing through the transfer path 
terminating circuit or the like) regardless of how general 
information is being relayed, and there occurs no fluctuation 
due to a time required for queuing. Also a delay time in 
transferring specific information in the master device and that 
in the slave device can be matched to each other with high 
precision . With this feature , even when each of the second master 
devices collects sampling information from a slave device within 
the local small-scale network or that outside the local 
small-scale network, there is provided the advantage that 
precision of sampling time in the master device as well as that 
in the slave device can be improved. 

With the present invention, even when general information 
or specific information has a variable length, a specified period 
of time in which output of specific information is inhibited is 
set to that decided by a time required for transmission of 
information with present maximum length according to operations 
of the master- destined information selecting circuit, therefore 
there is provided the advantage that precision of sampling time 
in the master device and that in each slave device can be improved. 

With the present invention, the transmission selecting 
unit selects either one of a general information transreceiving 



unit and specific information transreceiving unit and allows 
output therefrom, therefore there is provided the advantage that 
output of the specific information can be controlled so that 
fluctuation of a delay time in transmission with an external slave 
5 device can be eliminated. 

With the present invention, a delay time in an operating 
sequence from a point of time when the specific information 
receiving unit requests transmission until a point of time when 
header of the specific information is outputted from the 

10 transreceiving port is always equal to a certain constant period 
of time and other constant processing delay time (such as a time 
required for passing through the transfer path terminating 
circuit or the like) , therefore there is provided the advantage 
that fluctuation in a sequence of operations with an external 

15 slave device can be eliminated. 

With the present invention, the transmission selecting 
unit selects wither one of the general information transreceiving 
unit and specific information transreceiving unit and allows 
output therefrom, therefore there is provided the advantage that 

20 output of the specific information can be controlled so that 
fluctuation in a time required for communications with an 
external master device is eliminated. 

With the present invention, a delay time in processing from 
a point of time when the specific information transreceiving unit 

25 requests transmission until a point of time when a header of the 



specific information is outputted from the transreceiving port 
is always equal to a sum of a certain constant period of time 
and other constant processing delay time (such as a time required 
to pass through the transfer path terminating circuit or the like) , 

5 therefore there is provided the advantage that fluctuation in 
communications with an external master device can be eliminated. 

With the present invention, under control by the 
master-destined information selecting unit, any one of the 
master- destined general information receiving unit and 
10 master- destined specific information receiving unit is selected, 
and output therefrom is allowed according to a prespecified 
method- With this feature , specific information can be outputted 
at constant timing, therefore there is provided the advantage 
that fluctuation in a transfer delay time due to a time required 

15 for queuing in the slave device and in the master device can be 
eliminated. 

With the present invention, a relay delay time from a point 
of time when a header of specific information arrives at a 
slave-side port of a multiplexer until a point of time when the 

20 header of specific information is outputted from the master- 
side port is always equal to a certain constant period of time 
and other constant processing delay time (such as a time required 
for passing through the transfer path terminating circuit or the 
like) regardless of how general information is being relayed, 

25 therefore there is provided the advantage that fluctuation in 
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a relay delay time due to a time required for queuing can be 
eliminated. 

With the present invention, when general information or 
specific information is received from the master- side port, the 
general information or specific information is accumulated for 
a specified period of time decided by a particular transmission 
time after input of the general information or specific 
information is started, therefore there is provided the advantage 
that the accumulated information can be outputted from the 
slave-destined information receiving unit after passage of the 
specified period of time. 

With the present invention, when specific information has 
not been received from the master-side port, output from the 
slave -destined general information receiving unit is allowed, 
and when specific information has been received from the 
master- side port, output of specific information is inhibited 
for a specified period of time decided by a particular 
transmission time after input to the slave -destined specific 
information receiving unit is inhibited, and further new output 
from the slave -destined general information receiving unit is 
inhibited for a specified period of time, and then output from 
the slave-destined specific information receiving unit is 
allowed after passage of the specified period of time* With this 
feature there is provided the advantage that, a delay time in 
transferring the specific information in an external master 



device and that in the slave device can be matched to each other 
with high precision, and further a delay time in transferring 
general information from the master device to the slave device 
can be reduced. 

5 With the present invention, when the master- destined 

information selecting unit has received from any of the 
slave-side ports, new output from the management information 
transreceiving unit is inhibited for a specified period of time, 
and output from the master-destined specific information 

10 receiving unit is allowed after passage of the specified period 
of time, and further when the slave-destined information 
selecting unit has received from the master-side port, new output 
from the management information transreceiving unit is inhibited 
for a specified period of time, and output from the slave-destined 

15 specific information receiving unit is allowed after passage of 
the specified period of time . With this feature there is provided 
the advantage that, when a packet multiplexer sends or receives 
management inf ormation, a delay time in transferring specific 
information in the slave device and that in the master device 

20 can be matched to each other with high precision. 

With the present invention, under controls by the 
master-destined information selecting unit and slave-destined 
information selecting unit, general information and specific 
information are selected and output thereof to each device is 

25 allows according to a prespecified method. With this feature, 



specific information can be outputted at constant timing, 
therefore there is provided the advantage that fluctuation in 
a transfer delay time due to a time required for queuing in the 
slave device and that in the master device can be eliminated. 

With the present invention, a delay time in processing from 
a point of time when the master- side specific information 
transreceiving unit or slave- side specific information 
transreceiving unit requests transmission until a point of time 
when a header of the specific information is outputted from the 
master- side port or slave- side port is always equal to a certain 
constant period of time and other constant processing delay time 
(such as a time required for passing through the transfer path 
terminating circuit or the like) regardless of how general 
information is being relayed, therefore there is provided the 
advantage that fluctuation in a delay time due to a time required 
for queuing can be eliminated. 

With the present invention, under controls by the 
master-destined information selecting unit, slave-destined 
information selecting unit, and second master- destined 
information selecting unit, general information and specific 
information are selected, and output thereof to each device is 
allowed according to a prespecified method. With this feature, 
output of specific information can be executed at constant timing, 
therefore there is provided the advantage that a transfer delay 
time due to a time required for queuing in the slave device and 



in the master device can be eliminated. 

With the present invention, a relay time between the 
master- side port and slave- side port when relaying specific 
information with a third multiplexer is always equal to a sum 
5 of a certain constant period of time and other constant processing 
delay time (such as a time required for passing through the 
transfer path terminating circuit or the like) regardless of how 
general information is being relayed, therefore there is provided 
the advantage that fluctuation in a delay time due to a time 
10 required for queuing can be eliminated. 

With the present invention, under controls by the 
master-destined information control unit , slave- destined 
information selecting unit, and switch- destined selecting unit, 
general information or specific information is selected and 
15 output thereof to each device is allowed according to a 
prespecified method. With this feature, output of specific 
information can be executed at constant timing, therefore there 
is provided the advantage that fluctuation in a transfer delay 
time due to a time required for queuing in the slave and in the 
20 master device can be eliminated. 

With the present invention, a relay time between the 
master- side port and slave- side port when relaying specific 
information with a fourth multiplexer is always equal to a sum 
of a certain constant time and other constant processing time 
25 (such as a time required for passing through the transfer path 
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terminating circuit or the like) regardless of how general 
information is being relayed) , therefore there is provided the 
advantage that fluctuation in a delay time due to a time required 
for queuing can be eliminated. 
5 With the present invention, under controls by the 

master- destined information control, second master- destined 
information selecting unit and switch, general information and 
specific information are selected, and output thereof to each 
device is output ted according to a prespecified method. With 

10 this feature, output of specific information can be executed at 
constant timing, therefore there is provided the advantage that 
a transfer delay time due to a time required for queuing in the 
slave device and in the slave device can be eliminated. 

With the present invention, a relay time between the 

15 master-side port and slave-side port when relaying specific 
information with a switch is always equal to a sum of a certain 
constant period of time and other constant processing delay time 
(such as a time required for passing through the transfer path 
terminating circuit or the like), therefore there is provided 

20 the advantage that fluctuation in a delay time due to a time 
required for queuing can be eliminated. 

Although the invention has been described with respect to 
a specific embodiment for a complete and clear disclosure, the 
appended claims are not to be thus limited but are to be construed 

25 as embodying all modifications and alternative constructions 
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that may occur to one skilled in the art which fairly fall within 
the basic teaching herein set forth. 
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WHAT IS CLAIMED IS: 

1. A communication network comprising: 

a master device and a plurality of slave devices connected 
to each other through at least one unit of multiplexer in a tree 
5 form with the master device at the vertex for transmitting and 
receiving various types of specific information having a fixed 
length to and from the devices each other; wherein 

said master device specifies any of the slave devices via 
the multiplexer according to a round-robin, and then 
10 the specified slave device transmits the specific 

information for starting used for matching the sampling time in 
said master device and executes specific computing according to 
the specified information for returning returned from said master 
device according to the specific information for starting. 

15 

2 . The communication network according to Claim 1 ; wherein 
each of said slave devices and said master device transmits a 
general information sampled at each of the matched sampling 
timing and having a fixed length in addition to the specific 

20 information for starting and specific information for returning 
at a predetermined cycle. 



3. The communication network according to Claim 2; wherein 
said multiplexer comprises: 
25 a master- side port for connecting said master device 

100 



thereto and slave -side ports for connecting the plurality of 
slave devices thereto for mutual communication; 

a master-destined general information receiving unit for 
receiving the general information from said slave- side ports; 
5 a master-destined specific information receiving unit for 

receiving the specific information for starting from each of said 
slave-side ports and managing the specific information in batch; 

a slave -destined broadcasting bus for broadcasting 
information obtained from said master- side port to all of said 
10 slave-side ports; 

a master-destined information selecting unit for selecting 
any one of said mater- destined general information receiving 
units or said master-destined specific information receiving 
unit and allowing output to said master device according to a 
15 prespecified method; and 

a master- destined information multiplexing bus for 
outputting the information allowed by said master- destined 
information selecting unit to said master- side port. 

20 4 . The communication network according to Claim 3 wherein said 
master-destined information selecting unit 

allows output from said master -destined general 
information receiving unit according to a round- robin when the 
specific information is not received from said slave-side port; 
25 inhibits outputs of the specific information for a 
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specified period of time decided by a time required for 
transmitting the information with a fixed length after start of 
input into said master- destined specific information receiving 
unit when the specific information is received from any of said 
5 slave-side ports; and further 

inhibits new output from said master-destined general 
information receiving unit for the specified period of time and 
allows output from said master-destined specific information 
receiving unit after passage of the specified period of time. 

10 

5. The communication network according to Claim 3; wherein 
each of said master device and said slave device comprises: 

a general information transreceiving unit for transmitting 
or receiving the general information; 
15 a specific information transreceiving unit for 

transmitting or receiving the specific information; 

a transmission selecting unit for selecting any one of said 
general information transreceiving unit or said specific 
information transreceiving unit and allowing output therefrom 
20 according to a prespecified method; and 

executes communications with said multiplexer to which it 
is connected via a transreceiving port. 



6. The communication network according to Claim 5; wherein 
25 said transmission selecting unit 

102 



allows output from said general information transreceiving 
unit when a specific information sending request has not been 
received from said specific information transreceiving unit; 

inhibits output from said specific information 
5 transreceiving unit only for a specified period of time required 
for transmission of the information with a fixed length after 
the request is received when the specific information sending 
request has been received from said specific information 
transreceiving unit; and further 
10 inhibits new output from said general information 

transreceiving unit for the specified period of time and then 
allows output from said specific information transreceiving unit 
after passage of the specified period of time. 

15 7 . The communication network according to Claim 3 ; wherein 
said multiplexer unit comprises : 

a slave -destined information receiving unit for receiving 
information from said master- side port; and 

a slave-destined information control unit for allowing 
20 output from said slave -destined information receiving unit 
according to a prespecified method; and 

accumulates the general information or the specific 
information, when the general information or the specific 
information has been received from said master-side port, for 
25 a specified period of time decided by a period of time required 
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for transmission of the information with a specified length after 
input into said slave -destined information receiving unit is 
started, and 

outputs the accumulated information from said slave - 
5 destined information receiving unit after passage of the 
specified period of time. 

8. The communication network according to Claim 3; wherein 
said multiplexer comprises: 
10 a slave -destined generation information receiving unit for 

receiving the general information from said master- side port; 

a slave -destined specific information receiving unit for 
receiving the specific information from said master-side port; 
and 

15 a slave -destined information selecting unit for selecting 

any one of said slave -destined general information receiving unit 
or said slave-destined receiving unit and allowing output to said 
slave devices according to a prespecified method; wherein 

said multiplexer allows output from said slave- destined 
20 general information receiving unit when the specific information 
has not been received from said master- side port; 

said multiplexer inhibits output of the specific 
information when the specific information has been received from 
the master- side port for a specified period of time decided by 
25 a time required for transmission of the information with a fixed 
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length after input to said slave-destined specific information 
receiving unit is started, and further 

said multiplexer inhibits new output from said slave - 
destined general information receiving unit for the specified 
5 period of time and allows output from said slave -destined 
specific information receiving unit after passage of the 
specified period of time. 

9 • The communication network according to Claim 8 ; wherein 
10 said master device and each of said slave devises transmits 
management information with a fixed length to a target device 
at a predetermined cycle; and 

said multiplexer further comprises: 

a management information transreceiving unit for 
15 transmitting or receiving the management information; and 

said master -destined information selecting unit inhibits 
new output from said management information transreceiving unit 
for the specified period of time when the specified information 
has been received from any of said slave-side ports, and allows 
20 output from said master -destined specific information receiving 
unit after passage of the specified period of time, and further 
said slave -destined information selecting unit inhibits 
new output from the management information transreceiving unit 
for the specified period of time when the specific information 
25 has been received from said master-side port, and allows output 
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from said slave- destined specific information receiving unit 
after passage of the specified period of time. 

10. The communication network according to Claim 8; wherein, 
out of all of said packet multiplexers at least one packet 
multiplexer is replaced with a second multiplexer constituting 
a small-scale communication network; 

said at least one second multiplexer is connected via said 
multiplexer with said master device at the vertex, and one or 
more multiplexers are connected to each of said second 
multiplexer according to necessity with a plurality of said slave 
devices connected thereto in a tree form; and 

each of said second multiplexers does not relay the 
specific information, behaves as a slave device with respect to 
a master device at an upper level, and also behaves as a master 
device with respect to each of the slave devices at a lower level; 

said master device specifies said second multiplexer 
according to a round- robin, and each of said second multiplexer 
transmits the specific information for starting used for matching 
the sampling time to said master device according to a specified 
order and executes a prespecified operation according to the 
specific information for returning returned from said second 
multiplexer in response to the specific information for starting 
to match the sampling time; and further 

each of said second multiplexer specifies each of said 
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slave devices via said multiplexer according to a round-robin, 
and each of said slave devices transmits information for starting 
used for matching the sampling time to said second multiplexer 
via said multiplexer according to the specified order and also 
5 executes a specified operation according to the specific 
information for returning returned from said second multiplexer 
in response to the specific information for starting to match 
the sampling time. 

10 11. The communication network according to Claim 10; wherein 
said second multiplexer comprises : 

a master-side specific information trans receiving unit for 
transmitting or receiving the specific information from said 
master- side port in place of said master-destined specific 

15 information receiving unit in said multiplexer; and 

a slave-side specific information transreceiving unit for 
transmitting or receiving the specific information from said 
slave-side port in place of said slave-destined information 
receiving unit in said multiplexer. 

20 

12. The communication network according to Claim 11; wherein 
said master-destined information selecting unit 
inhibits output from said master- side specific information 
transreceiving unit for the specified period of time when a 
25 specific information sending request has been received from said 
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master- side specific information transreceiving unit; and 

inhibits new output from said master- destined general 
information receiving unit for the specified period of time and 
allows output from said master- side specific information 
5 transreceiving unit after passage of the specified period of 
time; and 

said slave- destined information selecting unit 
inhibits output from said slave- side specific information 
transreceiving unit for the specified period of time when a 
10 specific inf ormation sending request has been received from said 
slave-side specific information transreceiving unit; 

inhibits new output from said slave- destined general 
information receiving unit for the specified period of time and 
then allows output from said slave- side specific information 
15 transreceiving unit after passage of the specified period of 
time . 

13. The communication network according to Claim 8; wherein, 
out of all of said packet multiplexers at least one packet 
20 multiplexer is replaced with a third multiplexer constituting 
a small-scale communication network; 

at least one of said third multiplexers is connected 
thereto via said multiplexer with said master device at the vertex, 
and further a plurality of said slave devices are connected via 
25 said third multiplexer and one or more multiplexers according 
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to necessity in a tree f ormwith a second master device functioning 
as a master device in the small-scale communication network 
provided at the vertex; 

said master device specifies each of said slave devices 
via said multiplexer and said third multiplexer according to a 
round-robin, and each of said slave devices transmits the 
specific information for starting used for matching the sampling 
time to said master device according to the specified order, and 
executes a specified operation according to the specified 
information for returning returned from said master device in 
response to the specific information for starting to match the 
sampling time. 

14. The communication network according to Claim 13; wherein 
said third multiplexer has a second master- side port for 
connecting said second master device thereto for mutual 
communications , and further comprises , in addition to components 
of the multiplexer, 

a second master- side master-destined general information 
receiving unit for receiving the general information from said 
second master-side port to said master-side port; 

a second master- side slave-destined general information 
receiving unit for receiving the general information from said 
second master- side port to said slave- side port; 

a master -side second master -destined general information 



receiving unit for receiving the general information from said 
master-side port to said second master-side port; 

a slave-side second master- destined general information 
receiving unit for receiving the general inf ormation from said 
5 slave -side port to the second master- side port; 

a second master-destined information selecting unit for 
selecting any one of said master-side second master-destined 
general information receiving unit or said slave- side second 
master-destined general information receiving unit and allowing 
10 output therefrom; and 

a second master-destined information multiplexing bus for 
outputting information allowed by said second master-destined 
information selecting unit to said second master-side port. 

15 15. The communication network according to Claim 14; wherein 
said master -destined information selecting unit 

inhibits outputs of the specified information for the 
specified period of time when the specific information has been 
received from any of said slave-side ports; 

20 inhibits new output from said master-destined general 

information receiving unit as well as from said second 
master- side master- destined general information receiving unit 
for the specified period of time and allows outp from said 
master-destined specific information receiving unit for passage 

25 of the specified period of tim ; and 
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said slave -destined information selecting unit 
inhibits output of the specific information for the 
specified period of time when the specific information has been 
received from said master- side port; 
5 inhibits new output from said slave -destined general 

information receiving unit as well as from said second 
master-side slave -destined general information receiving unit 
for the specified period of time and allows output from the 
slave -destined specific information receiving unit after passage 
10 of the specified period of time; and 

said second master-destined information selecting unit 
allows output from said master- side second master- destined 
general information receiving unit as well as from said 
slave-side second master-destined general information receiving 
15 unit according to a round-robin. 

16. The communication network according to Claim 13; wherein, 
in place of said master device, there are provided: 

a switch for switching the general information; 
20 a third master device for transmitting or receiving the 

specified information; and 

at least one fourth multiplexer connected to said switch; 

and 

said third master device specifies each of said slave 
25 devices via said multiplexer, said fourth multiplexer, and said 
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third multiplexer according to a round-robin, and then each of 
said slave devices transmits the specific information for 
starting used for matching the sampling time to said master device 
according to a specified order and executes a specified operation 
5 according to the specific inf ormation for returning returned from 
said master device in response to the specific information for 
starting to match the sampling time. 

17. The communication network according to Claim 16; wherein 

10 said fourth multiplexer has an switch- side port for connecting 
the switch thereto to relay mutual communications , and comprises : 
a switch-destined general information receiving unit in 
place of said master-destined general information receiving unit 
for discretely receiving the general information from each of 

15 said slave-side ports; 

a switch-side slave-destined general information 
receiving unit in place of said slave -destined general 
information receiving unit for receiving the general information 
from said switch- side port; and 

20 a third master-destined information control unit for 

controlling said master- destined specific information receiving 
unit and allowing output to said third master device according 
to a specified method in place of said master -destined 
information selecting unit; and further comprises, in addition 

25 to components of the multiplexer, 
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a switch-destined information selecting unit for selecting 
one of said switch-destined information receiving units and 
allowing output therefrom. 

5 18. The communication network according to Claim 17; wherein 
said master-destined information control unit 

accumulates the specified information in said master- 
destined specific information receiving unit for the specified 
period of time when the specified information has been received 
10 from said slave-side port, and 

outputs the specified information from said master- 
destined information receiving unit after passage of the 
specified period of time; and 

said switch- destined information selecting unit allows 
15 output from said switch -destined general receiving unit 
according to a round-robin; and 

said slave-destined information selecting unit 
inhibits output from said slave-destined specific 
information receiving unit for the specified period of time when 
20 the specific information has been received from said master- 
side port, 

inhibits new output from said slave -destined general 
information receiving unit for the specified period of time, and 
allows output from said slave -destined specific 
25 information receiving unit after passage of the specified period 
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of time. 



19. The communication network according to Claim 13; wherein, 
in place of said master device, there are provided: 

a switch for switching the general information and the 
specific information; and 

a third master device for transmitting or receiving the 
specific information; and 

said third master device specifies each of said slave 
devices via said switch, said multiplexer, and said third 
multiplexer according to a round-robin, and then each of said 
slave devices transmits specific information for starting used 
for matching the sampling time to said master device and executes 
a specified operation according to the specific information for 
returning returned from said master device according to the 
specific information for starting to match the sampling time. 

20. The communication network according to Claim 19; wherein 
said switch comprises a switching unit for outputting information 
allowed by said master- destined information control unit to a 
slave- side port as an destination in place of said a slave- 
destined general information receiving unit, said master- side 
second master-destined general information receiving unit, said 
second master- side master-destined general information 
receiving unit, said second master-side slave -destined general 
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information receiving unit, said master-destined general 
inf ormation receiving unit, said second master- side port, said 
broadcasting bus, said multiplexing bus, and said second 
master-destined information multiplexing bus in said third 
5 multiplexer . 

21. The communication network according to Claim 20; wherein 
said master-destined information control unit 

accumulates the specified information in said master - 

10 destined specific information receiving unit for the specified 
period of time when the specified information has been received 
from said slave- side port and outputs the specific information 
from said master-destined specific information receiving unit 
after passage of the specified period of time; and said second 

15 master-destined information selecting unit 

inhibits output from said slave-destined specific 
information receiving unit for the specified period of then when 
the specific information has been received from said master- 
side port; 

20 inhibits new output from said second master-destined 

general inf ormation receiving unit for the specified period of 
time and allows output from said slave- destined specific 
information receiving unit after passage of the specified period 
of time . 

25 
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22. The communication network according to Claim 1; wherein 
information transmitted from or received by each device is 
variable in the length, and 

in this case, the specified period of time during which 
output of the specific information from each device is inhibited 
is restricted within a time frame decided by a time prespecif led 
for transmitting information with the maximum length. 
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ABSTRACT OF THE DISCLOSURE 

In a communication network in which one master device and 
a plurality of slave devices are connected via a multiplexer to 
each other in a tree form with the master device provided at the 
5 vertex, the master device specifies each of the slave devices 
via the multiplexer according to a round-robin. Then the slave 
device transmits specific information for starting used for 
matching the sampling time to the master device according to the 
specified order. Finally, the sampling time is adjusted by 
10 executing a prespecified operation according to the specific 
information for returning returned from the master device in 
response to the specific information for starting. 
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FIG. 16 
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Declaration and Power of Attorney For Patent Application 

Japanese Language Declaration 



UMTS : 



□ ZCltl^ttTSc 
□ 



As a below named inventor, I hereby declare that: 



My residence, post office address and crdzenship are as stated 
below next to my name, 

I believe t am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 



COMMUNICATION NETWORK , AND MASTER 
DEVICE, SLAVE DEVICE , MULTIPLEXER 
AND SWITCH CONSTITUTING THE 
COMMUN I CATION NETWORK 



the specification of which 
(check one) 
S] is attached hereto. 
□ was filed on 



.as 



Application Serial No. . 
and was amended on . 



(if applicable) 



I hereby state that I have reviewed and understand the con- 
tents of the above identified specification, including the damns, 
as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is ma- 
terial to the examination of this application in accordance with 
Title 37, Code of Federal Regulations, §1.56, 



(2-92) 
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PM D/S - HO ^ e/ 1 



Japanese Language Declaration 

$ft^ ttBftflFU II $ fc tt£^#EEiii» ? WTt- WET 
s : 

Pnor foreign applications 



I hereby claim foreign priority benefits under Title 35. United 
States Code, §1 19 of any foreign appltcation(s) for patent or 
inventor s certificate listed below and have also identified 
below any foreign application for patent or inventors certifi- 
cate having a filing date before that of the application on 
which pnonty is claimed: 



Prionty claimed 



1 1-020644 


Japan 


28 /January/ 1 999 


(Number) 


(Country) 


(Day/Month/Year Filed) 


(# #) 


(OB «) 


(dSBO^EB) 


(Number) 


(Country) 


(Day/Month/Year Piled) 


(# 


(B «) 





res 

Q 



(Number) 
(# 



(Country) 



(Day/Month/Year Fiied) 



yes 



to 

to 

4* J 



S60**Ba«lcBBS*tiTt^*t^BUrtr*t*T, SfeOiH 

UHeHOSWWtSi t BBjRT ^ # # «» t *T 6 i fc * B » 

* : 



I hereby ciaim the benefit under Title 35. United States Code. 
§120 of any United States applications) listed below and. 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States appli- 
cation in the manner provided by the first paragraph of Title 
35, United States Code, §11 2 t I acknowledge the duty to 
disclose material information as defined in Title 37, Code of 
Federal Regulations, §1.56 which occurred between the 
filing date of the prior application and the national or PCT 
intemationai filing date of this application: 



(Application Senaf No.) 



(Filing Date) 



m 2U 



(Status) 
(patented, pending, 
abandoned) 



(Application Senai No.) 



(Ring Date) 
(UBB) 



(Status) 
(patented, pending, 
abandoned) 



TJ«T**K 6B«>*T*flUlftJ:tJP«T*tC5lCS6 



I hereby declare that ail statements made herein of my own 
knowledge are true and that ail statements made on infor- 
mation and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the tike so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor. I hereby 
appoint the following attomey(s) and/or agent(s) to prosecute 
this application and transact al! business in the Patent and 
Trademark Office connected therewith, (list name and reg- 
istration number) 



Terrell C. Birch (Reg. No. 19,382) 

Joseph A. Koiasch (Reg. No. 22,463) 

Bernard L. Sweeney (Reg. No. 24,448) 

Charles Gorenstein (Reg, No. 29,271) 

Leonard R. Svensson (Reg. No. 30,330) 

Andrew D. Meikle (Reg. No. 32,868) 

Joe McKinney Muncy (Reg. No. 32,334) 

C. Joseph Faraci (Reg. No. 32,350) 



Raymond C. Stewart (Reg. No. 2 1 ,066) 

James M. Slattery (Reg. No. 28,380) 

Michael K. Mutter (Reg. No. 29,680) 

Gerald M. Murphy, Jr. (Reg. No. 28,977) 

Terry L. Clark (Reg. No. 32,644) 

Marc S. Weiner (Reg. No. 32,181) 

Donald J. Daley (Reg. No. 34,313) 



Send Correspondence to: 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 
P.O. Box 747 • Falls Church, Virginia 22040-0747 
Telephone: (703) 205-8000 • Facsimile: (703) 205-8050 



Direct Telephone Calls to: (name and telephone number) 





Full name of sole or first inventor 

Keiichi SODA 




an 


Inventor's signature ^ Date 

\r n./^Ai Scroll Sep. 21, 1999 




Residence 

Tokyo f Japan 


ESS 


C* 2 "*** Japanese 




Post Office Address 

c/o Mitsubishi Denki Kabushiki Kaisha 




2-3, Marunouchi 2-chome, Chiyoda-ku 
TOKYO 100-8310 JAPAN 




Full name of second joint inventor, if any 

Tatsuki ICHIHASHI 




an 






Residence 

Tokyo , Japan 


mm 


Citizenship 

Japanese 




Post Office Address 

c/o Mitsubishi Denki Kabushiki Kaisha 




2-3, Marunouchi 2-chome, Chiyoda-ku 
TOKYO 100-8310 JAPAN 



sequent joint inventors.) 
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